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PEEFAOE. 


Content  if  hence  th'  unlearn'd  their  wants  may  view, 
The  learn'd  reflect  on  what  before  they  knew— Pope. 

The  following  pages,  written  in  the  spare  hours  of  a 
busy  life,  attempt  to  give  an  account  of  the  rise  and 
progress  of  what  is  now  in  this  country  an  important 
branch  of  engineering.  Although  wood  is  employed  in 
the  constructive  arts  more  largely  than  any  other  sub- 
stance, its  conversion  by  machinery  is  of  comparatively 
modern  origin,  and  therefore  very  few  books  or  treatises 
have  been  written  on  the  subject.  The  aim  of  the 
Author  has  been  to  combine,  as  far  as  possible,  the  his- 
torical with  the  practical.  In  the  first  portion  of  the 
book,  in  addition  to  notes  on  design  and  construction, 
the  names  of  the  chief  inventors  and  pioneers  in  wood- 
working machinery  will  be  found;  the  latter  part  of 
the  work  is  devoted  entirely  to  practical  and  technical 
details. 

The  illustrations  are  confined  to  the  designs  of 
English,  French,  and  American  engineers,  the  ma- 
chines constructed  by  other  nations  being,  as  a  rule, 
based  on  these  models. 

The  adaptation  of  machinery  to  common  uses  is, 
without  doubt,  increasingly  necessary  to  the  commer- 
<cial  prosperity  and  progress  of  a  nation,  and  has  been 
(exemplified  by  the  success  of  American  competition  in 
fsome  branches  of  manufacture.  This  can  in  a  measure 
Ibe  accounted  for  by  the  low  patent  fees  and  high  rates 
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of  wages  in  vogue  in  tbat  country,  thus  encouraging 
inventors  to  perfect  the  smallest  details  in  their  machine 
construction  which  tend  either  to  lessen  the  cost  of  pro- 
duction, improve  the  quality,  or  increase  the  range  of 
the  work  performed.  The  saving  thus  effected  may,  in 
a  day,  be  infinitesimal,  but  when  multiplied  by  months 
or  years  it  assumes  a  gigantic  total.  This  points, 
the  Author  takes  it,  to  the  urgent  necessity  of  assimi- 
lating our  own  patent  rates — which  bear  heavily  on  the 
brain  power  of  the  nation — to  those  of  other  countries. 
From  a  somewhat  extended  practical  experience  of  the 
subject  treated  on,  the  Author  trusts  that  what  he  has 
written  may  afford  some  fresh  information,  and  prove 
of  service  to  the  engineer  and  student.  In  that  case 
his  end  will  have  been  attained. 


NOTE  TO  THE  SECOND  EDITION. 

Since  the  first  edition  of  this  book  was  issued,  no 
startling  invention  in  connection  with  wood- working  ma- 
chinery has  taken  place  ;  the  aim  of  engineers  appears 
to  have  been  directed  rather  to  the  improvement  and 
simplification  of  machines  already  in  existence  than  to 
the  production  of  novelties.  Large  progress — especially 
in  America — has  been  made,  however,  in  the  conversion 
of  logs  by  means  of  band-sawing  machines,  and  an  illus- 
tration of  such  a  machine  is  embodied  in  the  present 
edition,  also  one  of  an  improved  double-action  horizontal 
saw  frame.  Chapters  on  the  selection  of  an  engine 
and  boiler  for  a  saw-mill,  and  on  the  management  of 
circular  and  band  saws,  &c.,  are  also  included. 

Appold  Stkbet,  London,  E.G.: 
Ma/roh  1894. 
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CHAPTEE  I. 

INTRODUOTOEr. 

Wood  in  its  various  forms  enters,  perhaps,  more  largely 
than  any  other  substance  into  the  industry  of  the 
nation,  and  its  economical  and  rapid  conversion  from 
forest  trees  into  articles  of  general  utility  cannot  be 
but  one  of  paramount  importance.  I  can  scarcely  help 
thinking  that  sufficient  interest  has  hardly  been  given 
by  scientific  men  to  this  very  important  branch  of  en- 
gineering, whilst,  on  the  other  hand,  improvements  in 
the  munitions  of  war,  for  instance,  have  been  carried 
to  the  highest  degree  of  perfection.  When  we  come 
to  consider  the  endless  uses — in  shipbuilding,  railway 
carriage  works,  coachbuilding,  joinery  works,  builders' 
establishments,  &c. — that  wood  in  its  varied  forms  is 
put  to,  the  importance  of  the  subject  will,  perhaps, 
more  readily  strike  us.  Wood  conversion  by  machinery 
has  doubtless  during  the  last  twenty  years  made  gigan- 
tic strides,  but  still  there  remains  ample  scope  for 
further  progress  in  this  direction.  The  chief  hard 
woods  used  in  this  country  are  oak,  ash,  mahogany, 
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teak,  and  elm;  and  of  tlie  resinous  woods,  red  pine 
from  Norway,  Sweden,  and  Russia;  Memel,  Dantzig, 
and  Eiga  fir,  from  Eussia  and  Prussia;  yellow  pine, 
pitch  pine,  and  cedar.  Other  ornamental  woods  are, 
howcTer,  largely  used  for  decorative  purposes.  Al- 
though one  of  the  most  important  branches  of  en- 
gineering, wood-working  machinery  is  one  of  the  most 
modern ;  there  is  no  doubt,  however,  that  the  conver- 
sion of  wood  by  means  of  saws,  axes,  &c.,  was  known 
some  thousands  of  years  back,  and  is  spoken  of  in 
ancient  Egyptian,  Grecian,  and  Hebrew  history;  but 
very  few  records  are  left  us  concerning  their  origin  in 
this  country.  We  must  turn  to  the  eighteenth  century 
for  any  accurate  information  as  to  absolute  machinery, 
in  the  true  sense  of  the  word,  although,  doubtless,  ap- 
paratuses of  different  kinds  were  in  use  to  facilitate 
hand  labour  before  this  date. 

First  and  foremost  among  the  pioneers  of  wood- 
working machinery  must  be  placed  Sir  Samuel  Bentham, 
whose  patents  in  the  years  1791  and  1793  are  truly 
remarkable  examples  of  inventive  genius,  and  fully 
illustrate  the  old  adage,  '  There  is  nothing  new  under 
the  sun.'  In  these  specifications  the  principles  in- 
volved in  many  of  the  most  important  machines  at 
present  in  use  are  claimed,  and  set  forth  in  the  clearest 
and  tersest  manner,  affording  a  wonderful  illustration  of 
how  a  patent  could  be  drawn  in  those  days.  The  fol- 
lowing may  be  named  as  some  of  the  inventions  included 
in  this  remarkable  specification: — Planing  machines 
with  rotary  cutters,  to  cut  on  several  sides  of  the  wood  at 
once;  veneer  cutting  machine,  horizontal  stone  saws, 
moulding  and  recessing  machine,  bevel  sawing  machine, 
saw-sharpening  machine,  tenon-cutting  by  means  of 
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circular  saws,  and  many  kinds  of  rotary  and  boring 
tools.  Many  of  the  principles  set  forth  in  Bentham's 
specifications  have  been  the  subjects  of  a  number  of 
patents  during  the  present  century,  or,  I  may  say, 
during  the  last  few  years,  but  it  is  my  opinion  that 
several  of  these  patents  diflPer  very  little  indeed  except 
in  matter  of  detail  from  Bentham's  ideas  in  1793.  I 
do  not  intend  here  to  enter  further  into  the  early 
history  of  wood-working  machinery,  as  the  data  at  my 
disposal  are  both  scant  and  somewhat  unreliable,  but  I 
purpose,  when  considering  the  different  classes  of  ma- 
chines, to  add  such  notes  of  their  origin  as  I  may 
consider  instructive  and  interesting.  It  is  my  inten- 
tio»n  to  confine  myself  in  these  pages  chiefly  to  my 
experience  of  English  practice,  illustrating  the  same 
with  woodcuts  of  some  of  the  latest  examples  of  the 
most  eminent  makers,  a,nd  explaining  them  as  concisely 
and,  I  trust,  as  practically,  as  possible.  I  shall,  how- 
ever, as  occasion  may  arise,  touch  on  American  and 
Continental  makes  when  of  interest. 

Till  within  the  last  thirty  years,  wood-working 
machinery  in  this  country  must  be  considered  to  have 
been  in  a  very  crude  state,  but  of  late  great  impetus 
has  been  given  to  it  by  the  constant  battles  between 
capital  and  labour.  The  great  cost  and,  in  some  cases, 
the  inferior  quality  of  work  turned  out  by  hand,  have 
L-endered  the  increasing  introduction  of  labour-saving 
machinery  absolutely  necessary,  to  keep  pace  with  the 
general  progress  of  the  times.  The  introduction  of 
this  class  of  machinery  has  not,  however,  lessened, 
but  rather  raised,  the  wages  of  skilled  artisans,  as 
it  is  found  the  cheaper  production  creates  the  greater 
demand. 
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CHAPTER  II. 

CIECULAR  SAW  BENCHES. 

With  the  exception,  perhaps,  of  the  wedge  and  the  axe, 
the  saw  can  lay  claim  to  being  the  most  ancient  instru- 
ment for  the  conversion  of  wood,  and  it  is  certainly 
by  far  the  most  important.  Its  earliest  history,  how- 
ever, from  the  lapse  of  ages,  is  involved  in  obscurity. 
Representations  of  saws  are  said  to  have  been  discovered 
on  some  of  the  most  ancient  of  Egyptian  monuments. 
This,  taken  in  connection  with  the  many  times  the  saw 
is  mentioned  in  Holy  Scripture  and  other  ancient  his- 
tories, seems  to  conclusively  prove  that  the  saw  was 
known  many  thousands  of  years  ago.  What  it  was 
constructed  of,  however,  there  are  no  records  to  show. 
Ancient  Grecian  historians  variously  ascribe  its  inven- 
tion to  Daedalus,  Perdix,  and  Talus,'  and  the  inventor, 
whoever  he  was,  was  inscribed  in  their  mythology,  with 
a  place  in  which,  among  their  gods,  they  honoured  the 
greatest  benefactors  of  the  earliest  ages.  Talus  is  said 
to  have  formed  his  first  saw  from  the  jaw-bone  of  a 
snake.  Perdix,  we  are  told,  used  the  backbone  of  a 
fish  for  a  like  purpose.  The  saws  of  the  Grecian  car- 
penters had  a  similar  form  to  ours  in  use  at  present,  as 
shown  by  a  painting  still  preserved  among  the  anti- 

^  See  Beckmann's  History  of  Inventions. 
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quities  of  Herculaneum.  Two  genii  are  represented 
at  the  end  of  a  bencli ;  the  piece  of  wood  which  is  to 
be  sawn  through  is  secured  by  cramps.  The  saw  with 
which  the  genii  are  at  work  has  a  perfect  resemblance 
to  our  frame  saw.  It  consists  of  a  square  frame,  having 
in  the  middle  a  blade,  the  teeth  of  which  stand  perpen- 
dicular to  the  plane  of  the  frame.  The  arms  in  which 
the  blade  is  fastened  have  a  similiar  form  to  those  we 
now  use. 

It  is  recorded  that  saw  mills  driven  by  water  or 
wiind  were  erected  in  Germany  as  early  as  the  fourteenth 
century;  this  is,  however,  very  much  open  to  doubt, 
Sfcetten  says  in  his  work  ('Kunst-und  Handwerks- 
Geschichte  der  Stadt  Augsburg,'  1779)  that  saw  mills 
were  erected  near  Augsburg  in  the  year  1337;  but 
wliat  the  machinery  consisted  of,  or  by  what  means  it 
was  driven,  there  is  nothing  to  show.  It  is  also  re- 
corded that  saw  mills  were  in  existence  at  the  following 
places  at  the  dates  named : —Breslau,  1427;  Holstein, 
1545;  Lyons,  1555;  Eatisbon,  1575;  and  in  Norway 
ini  the  year  1530.  The  first  mill  erected  in  Holland 
was  at  Saardam  in  1596,  and  in  Sweden  about  1653. 

The  first  saw  mill  in  England  of  which  we  have  any 
record  was  erected  by  a  Dutchman  near  London  about 
the  year  1663,  but  was  the  occasion  of  so  much  riot  that 
it  had  to  be  abandoned.  This  was  also  the  case  with  a 
mill  erected  by  one  James  Stansfield  in  1768,  as  it  was 
torn  to  pieces  by  the  mob.  Wind  was  the  motive  power 
used  by  Stansfield,  and  it  seems  that  he  and  others, 
aiided  by  the  Government,  erected  mills  in  various  parts 
off  the  country  about  this  time,  which  were  allowed  by 
the  populace  to  continue  working.  The  straight  saw 
or  mill  web  was  doubtless  in  use  many  years  in  Holland 
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and  Germany  before  the  circular  saw  was  known.  The 
circular  saw  is  said  to  have  originated  in  Holland  in 
the  sixteenth  or  seventeenth  century,  but  there  is 
nothing  to  show  who  was  the  inventor.  One  of  the 
earliest  records  of  its  use  in  this  country  is  contained 
in  the  patent  specification  of  Samuel  Miller,  of  South- 
ampton, granted  in  the  year  1777,  in  which  he  claims 
'  an  entirely  new  machine  for  more  expeditiously  sawing 
all  kinds  of  wood,  stone,  and  ivory ;  and  the  saws  used 
are  of  a  circular  figure.^  The  motive  power  employed 
was  a  horizontal  windmill.  He  also  claimed  an  ar- 
rangement for  bringing  the  timber  up  to  the  saws 
when  in  motion ;  in  point  of  fact,  it  may  be  considered 
our  present  rack  saw-bench  in  embryo.  Bentham,  in 
his  specification  of  1793,  claims  also  various  improve- 
ments in  sawing  machines,  including  crown  saws, 
taper  gauge,  grooving  table,  adjustment  of  saws  in 
benches,  &c. 

In  the  year  1805,  Brunei  took  out  a  patent  for 
*  improvements  in  machinery  for  sawing  timber,'  with 
arrangements  for  veneer  cutting,  &c. ;  he  also  about 
this  time  fitted  up  the  Government  dockyard  at  Ports- 
mouth with  sawing  machinery,  including  both  recipro- 
cating and  circular  saws.  It  was  considered  at  that 
day  the  most  complete  machinery  in  the  country.  We 
have  before  us  an  engraving  of  one  of  these  machines, 
especially  adapted  for  preparing  the  rough  timber  for 
block-making ;  the  elm  trees  of  which  the  blocks  were 
formed  were  cut  into  proper  lengths  by  two  cross- 
cutting  saws,  one  of  which  is  a  reciprocating  and  the 
other  a  circular  saw.  This  combination  of  straight  and 
circular  saws  for  this  special  work  would  not  do  dis- 
credit to  a  designer  even  of  the  present  day.   Of  course 
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some  of  its  details  appear  to  us  somewhat  crude  ;  but, 
as  sbowing  early  efforts  in  introducing  wood-working 
macliinery  into  this  country,  I  think  it  of  sufficient 
general  interest  to  append  herewith  a  short  general 
description  : — 

'  The  tree  subjected  to  the  action  of  the  cross- 
cutting  reciprocating  saw  is  placed  on  a  long  frame  or 
bench,  raised  a  little  above  the  floor,  on  the  end  of 
which  is  a  frame  composed  of  vertical  posts  and  a  cross- 
beam.    Through  this  frame  the  end  of  the  tree  is 
drawn,  by  a  capstan  working  in  the  middle  of  the  room 
upon  a  vertical  shaft,  turned  by  a  steam  engine.  The 
end  of  the  timber  projects  as  much  beyond  the  front  of 
the  frame  as  the  part  intended  to  be  cut  off,  and  is 
fastened  from  rolling  sideways  by  a  lever,  which  presses 
upon  it  and  holds  it  down.   The  saw  is  a  straight  blade, 
jS-xed  into  a  wooden  handle  at  each  end  to  lengthen  it. 
One  of  these  handles  is  connected  by  a  joint  to  the 
upper  end  of  a  lever,  bent  at  right  angles  and  having 
the  centre  beneath  the  floor.    The  horizontal  arm  of 
the  lever  is  connected  by  a  spear  rod  with  the  crank  on 
the  end  of  a  spindle  near  the  ceiling  of  the  room,  the 
motion  of  which  is  regulated  by  a  fly  wheel.    By  this 
means  the  saw  has  a  reciprocating  motion  from  right 
to  left  nearly  in  a  horizontal  position,  and  exactly 
across  the  log  that  is  to  be  cut,  resembling  in  its  action 
the  carpenter's  hand  saw.    The  teeth  of  the  saw  are,  of 
course,  on  the  lower  side  of  the  blade,  and  it  acts  en- 
tirely by  its  own  weight.    The  machine,  being  at  rest, 
is  prepared  for  work  by  fixing  the  log  in  the  frame  by 
the  lever,  so  that  the  surface  of  the  frame  intersects 
the  log  at  the  place  it  is  intended  to  be  cross-cut.  The 
saw,  which  was  before  lifted  up  by  its  handle  to  be 


8 


WOOD-  WORKING  MA CHINERY. 


clear  of  the  log,  is  now  suffered  to  rest  upon  it  in  the 
place  where  the  cut  is  to  be  made  ;  and  to  guide  it  in 
first  setting-in,  the  back  of  the  saw  is  received  in  a 
saw  kerf,  made  in  the  end  of  a  piece  of  board,  which  is 
attached  to  the  frame  over  the  saw,  but  slides  up  and 
down,  to  reach  it  at  any  height,  according  to  the  thick- 
ness of  the  log.  The  machinery  is  then  put  in  gear, 
which  causes  the  saw  to  reciprocate  horizontally  across 
the  tree,  and  thus  by  its  own  weight  cuts  it  through. 
As  the  saw  gets  into  the  tree,  it  quits  the  guide  above 
mentioned,  which  becomes  less  necessary  as  the  saw 
goes  deeper,  a  saw  having  no  tendency  to  alter  its 
course  when  cutting  across  the  grain. 

'  The  circular  cross-cutting  saw,  which  is  employed 
for  the  same  purpose,  is  more  novel  in  its  construction. 
The  spindle  is  so  mounted  as  to  move  in  any  direction 
parallel  to  itself,  the  saw  continuing  in  the  same  plane. 
By  this  means  it  can  be  applied  to  any  part,  so  that  it 
fpill  divide  trees  much  larger  than  could  otherwise  be 
done  by  it.  It  is  more  expeditious  and  accurate  in  its 
performance  than  the  one  above  described,  for  which 
reason  the  preference  is  always  given  to  it  in  all  cases 
where  the  size  of  the  tree  is  not  too  great  for  its  appli- 
cation.' 

What  is  now  known  as  the  American  rack  bench 
IS  really  of  English  origin.  In  the  year  1824  letters 
patent  were  granted  to  Messrs.  Sayner  and  Greenwood 
for  '  improvements  in  sawing  machinery,'  the  chief  of 
which  was  the  use  of  two  circular  saws  of  small  dia- 
meter placed  one  above  the  other,  but  with  their  peri- 
pheries revolving  in  the  same  line,  in  lieu  of  one  saw 
of  large  diameter  for  breaking  down  heavy  timber. 
The  timber  rested  upon  horizontal  rollers,  and  was 
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guided  to  the  saw  by  vertical  rollers.  The  feed  was 
given  to  the  log  by  means  of  a  grooved  feed  roller, 
acted  on  by  a  pressure  roller  and  weighted  lever.  They 
also  claimed  the  use  of  several  circular  saws  on  one 
spindle,  divided  by  suitable  collars  for  converting 
timber  into  planks,  with  other  saws  placed  on  vertica. 
spindles,  and  working  horizontally  for  cutting  the  planks 
into  scantlings  at  the  same  time.  A  third  improvement 
consisted  in  cramping  a  series  of  circular  saws  closely 
together,  and  using  them  for  reducing  dye  woods  to 
powder,  instead  of  the  usual  method  of  rasping  or 
chipping.  In  the  same  year  (1824)  Mr.  Robert  East- 
man, of  Brunswick,  Maine,  U.S.A.,  patented  some  im- 
provements in  the  construction  of  circular  saws.  These 
consisted  chiefly  in  the  introduction  of  a  limited 
number  of  '  sectional '  or  '  false  '  teeth.  Instead  of  a 
series  all  round  the  periphery  of  the  plate,  as  is  usual 
in  ordinary  circular  saws,  four  cutting  sections  of  two 
teeth  are  placed  at  equal  distances  on  the  periphery  of 
the  plate,  and  projecting  from  it.  In  addition  to  these 
teeth,  cutters  were  fixed  on  the  saw  plate  nearer  to  the 
centre,  and  were  arranged  for  surfacing  up  the  plank 
after  it  was  cut.  One  of  the  novelties  of  this  patent 
was  the  method  employed  for  converting  the  log  into 
boards,  as  the  plan  pursued  was  to  cut  from  the  cir- 
cumference or  exterior  of  the  tree  towards  the  centre, 
and  not  right  through  the  tree,  as  is  usually  the  case. 
In  favour  of  this  method  it  was  urged  that  planks, 
staves  for  casks,  &c.,  cut  in  this  manner  possessed 
more  durability,  strength,  and  elasticity  than  those  cut 
in  the  ordinary  way.  The  log  to  be  operated  on  was 
made  to  revolve  between  iron  centres,  which  it  did 
after  each  succeeding  cut  of  the  saw,  thus  bringing  the 
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whole  circumference  of  the  log  under  its  action.  The 
saw  spindle  or  shaft  was  made  of  cast  iron,  and  ran 
upon  friction  rollers,  supported  by  stands  on  the  floor. 
The  whole  of  the  movements  of  the  machine  were  self- 
acting,  and  a  series  of  feather-edged  boards  of  uniform 
thickness  were  cut  all  round  the  log,  having  their  thin- 
edged  sides  attached  to  the  centre  piece  ;  the  log  being- 
big  enough,  a  second  series  of  boards  could  be  cut  in  a 
like  manner.  The  teeth  employed  were  in  the  form  of 
a  hawk's  bill,  and  the  inventor  claimed  that  the  eight 
teeth  used  were  driven  with  one-quarter  the  power  than 
with  an  ordinary  circular  saw.  This  statement  we  can- 
not in  any  way  agree  to,  and  whatever  was  gained  in 
the  shape  of  power  was  more  than  lost  by  the  excessive 
waste.  The  whole  arrangement  of  the  machine,  how- 
ever, reflects  the  greatest  credit  on  its  designer.  The 
rate  at  which  the  saw  was  speeded  to  run  was  from  ten 
to  twelve  hundred  revolutions  per  minute. 

Small  circular  saws  for  cutting  the  teeth  of  watch 
and  clock  wheels  are  reported  to  have  been  in 
use  in  the  time  of  Dr.  Hook.  Letters  patent  were 
granted  to  Maudslay  for  '  improvements  in  mounting 
and  lubricating  circular  saws  '  early  in  this  century ; 
also  to  one  Charles  Hammond,  of  London,  for  '  im- 
provements in  sawing  and  planing  wood ; '  but  from, 
say,  the  year  1810  to  1835  this  branch  of  engineering 
appears  to  have  remained  almost  at  a  standstill  in 
England.  Even  America,  with  little  or  no  iron  and 
less  general  resources,  made  far  greater  progress  than 
ourselves,  a  number  of  patents  being  taken  out  for 
inventions  and  improvements  in  curvilinear  sawing  for 
ships'  timbers,  mitre-cutting  saws,  barrel  saws,  &c.,  of 
which  little  or  nothing  was  known  in  this  country. 
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However,  about  the  year  1836  Mr.  John  McDowall, 
of  the  Walkinshaw  Foundry,  Johnstone,  near  Glasgow, 
came  prominently  forward  with  some  most  ingenious 
novelties  and  improvements  in  sawing  and  planing 
machinery ;  previously,  however,  to  1836  he  had  erected 
several  planing  and  other  machines,  in  Manchester  and 
elsewhere.  These  planing  machines  were  made  from 
the  designs  of  Mr.  Malcolm  Muir,  of  Glasgow,  to  whom 
a  patent  was  granted  in  the  year  1827.  We  shall  take 
occasion  to  notice  them  elsewhere.  Some  years  later 
Mr.  McDowall  patented  a  high-speed  tension  sawing 
machine,  and  he  also  invented  and  erected  a  number  of 
cross-cutting  and  other  machines  for  the  Government 
at  Woolwich  Arsenal.  One  of  these,  a  traversing 
cross-cut  circular  saw  bench,  possesses  such  novel 
driving  and  other  arrangements  that  I  think  it  fully 
deserving  of  further  notice,  if  space  permitted.  The 
saw  itself  was  about  7  feet  in  diameter,  the  largest  yet 
made  from  one  solid  piece  of  cast  steel.  The  driving 
gear  was  a  great  novelty,  the  saw  spindle  being  totally 
un(3onnected  with  the  actuating  power  ;  the  motion  was 
communicated  to  the  saw  through  two  frictional  cones 
of  buff  leather  embracing  the  saw  on  either  side,  and 
running  at  a  high  speed.  With  this  arrangement,  the 
whole  of  the  saw  up  to  the  cones  was  available  for 
cutting,  there  being  no  pulleys  in  the  way  of  the  timber, 
as  there  are  when  saws  for  cross-cutting  are  driven  in 
the  usual  way.  The  saw  ran  at  300  revolutions  per 
minute,  and  by  a  very  ingenious  arrangement  could  be 
made  to  travel  the  whole  length  of  the  mill,  some  70 
feet ;  and  being  placed  below  the  ground  could  also 
be  raised  above  or  depressed  below  the  floor  line  at 
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pleasure.  In  fact,  the  whole  machine  did  infinite  credit 
to  its  designer. 

In  connection  with  improvements  in  circular  saw 
benches  a  patent  was  secured  by  Orlando  Child,  of 
Granville,  Ohio,  U.S.A.,  in  the  year  1850.  He  claimed 
chiefly  the  introduction  into  heavy  saw  benches  of  a 
spring  attached  to  the  frame,  to  prevent  the  end  play 
of  the  saw  spindle  at  the  same  time  yielding  to  any 
great  pressure  from  the  springing  of  the  log,  and  thus 
preventing  any  undue  friction,  and  doing  away  also 
with  the  collars  usually  employed  for  preventing  the 
end  play  of  the  spindle.  In  addition  to  the  ordinary 
circular  saw  employed,  he  also  mounted  a  second  above 
it  in  a  swinging  frame,  which  could  be  set  at  any  point 
forming  part  of  a  circle  struck  from  the  main  saw 
spindle,  and  could  operate  with  the  main  saw  in  cut- 
ting through  a  log  at  any  angle  desired. 

A  few  years  previous  to  our  International  Exhibition 
of  1851,  Mr.  Coulson,  of  York,  England,  introduced 
into  this  country  various  American  ideas.  Mr.  William 
Furness,  of  Liverpool,  also  manufactured  and  patented 
a  number  of  machines,  from  American  models.  A  few 
years  further  on,  Mr.  Samuel  Worssam,  of  London, 
brought  out  several  machines,  including  a  very  com- 
plete deal  frame,  with  improved  silent  feed,  for  which 
a  patent  was  secured  by  him.  At  the  Exhibition  of 
1851  a  number  of  American  wooden-framed  machines 
were  exhibited,  which  seems  to  have  opened  the  eyes 
of  some  of  our  engineers,  as  from  this  date  the  progress 
and  development  of  this  branch  of  engineering  has 
been  most  rapid  and  complete. 


CHAPTER  III. 
CIRCULAR  SAW  BENCHES — continued. 

In  our  International  Exhibition  of  1851  the  exhibits  of 
wood- working  machinery  were  chiefly  confined  to  Eay 
and  Co.,  of  Cincinnati,  U.S.A.,  and  Furness,  of  Liver- 
pool, with  one  or  two  other  machines  of  Continental 
origin  ;  but  between  this  time  and  our  next  Exhibition — 
1862 — a  great  number  of  machines,  and  improvements, 
and  modifications  on  American  designs  more  adapted 
to  English  necessities  were  introduced  by  Slater  and 
Tall,  Buchanan,  Douglas,  Barton,  Bunten  and  Lamb, 
Jordan,  Molesworth,  Wimshurst,  Messer,  Varrall,  Wors- 
sam,  Forrest  and  Barr,  McDowall,  Horn,  Furness, 
Kinder,  Rosenberg,  Robinson,  Powis  and  James,  and 
others.  Under  the  head  of  circular  saw  benches,  how- 
ever, we  do  not  find  anything  especially  worthy  of 
notice.  In  1861  a  patent  was  secured  by  Worssam, 
London,  for  improvements  in  machinery  for  cross- 
cutting  timber.  He  claimed  the  arranging  of  two 
circular  saws,  one  above  the  other,  in  the  same  vertical 
plane,  the  top  saw  being  placed  a  little  in  the  rear  of 
the  other,  but  both  meeting  in  the  same  kerf.  Addi- 
tional guides  were  also  used  for  assisting  in  supporting 
or  steadying  the  saws  before  entering  the  wood.  One 
or  both  saws  could  be  used,  according  to  the  size  of 
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timber  to  be  cut.  They  are,  however,  owhig  to  the 
small  size  of  our  timber,  little  used  in  this  country, 
and  are  generally  known  as  American  or  Canadian 
rack  benches,  but  were  really  the  invention  of  Sayner 
and  Greenwood,  whose  patent  we  noticed  in  our  last 
chapter. 

In  our  Exhibition  of  1862  a  considerable  number 
of  English,  American,  and  Continental  machines  were 
shown.  Messrs.  Greenwood  and  Batley,  Leeds,  ex- 
hibited several  very  ingenious  machines,  including  a 
curvilinear  band  sawing  machine  with  a  variable  and 
self-acting  radial  motion,  Kinder's  shaping  machine, 
&c.  Messrs.  Worssam  and  Co.,  London,  exhibited  a 
portable  deal  frame,  band  sawing  machine,  &c.  Messrs. 
Powis,  James,  and  Co.,  London,  showed  hollow-framed 
band  sawing  machine,  planing  machine,  mortising  ma- 
chines, &c. ;  Messrs.  Eobinson  and  Son,  of  Rochdale, 
planing  and  squaring-up  machine,  tenoning  machine, 
&c. ;  and  a  number  of  other  machines  were  also  ex- 
hibited by  Messrs.  McDowall  and  Sons,  Glasgow ; 
Keniian  and  Sons,  Dublin;  J.  and  T.  Young,  Ayr; 
Haigh,  Oldham ;  Geeves,  London ;  Weston  and  Horner, 
London,  &c.  A  new  tree-feller  was  shown  by  Mr.  R. 
Thompson,  of  Woolwich.  These  machines,  taken  as 
a  whole,  were  considered  fair  examples  of  design  and 
workmanship,  but  were  far  behind  those  of  the  ma- 
chine tool-makers  in  the  massiveness  of  their  framing 
and  general  compactness  and  simplicity  of  their 
details. 

Amongst  the  Continental  machines  exhibited  was  a 
band  saw  and  traversing  mortising  machine,  by  M. 
Perin,  Paris,  the  former  of  which  attracted  a  great  deal 
of  attention,  chiefly  from  the  very  able  manner  in  which 
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it  was  worked.  Messrs.  Bernier  and  Arbey,  and  Messrs. 
Varrall,  Elwell,  and  Poulot,  of  Paris,  and  M.  Zimmer- 
mann,  of  Chemnitz,  also  showed  a  varied  collection  of 
wood- working  machines,  but  nothing-  calling  for  special 
notice. 

Immediately  following  the  Exhibition,  what  must 
be  considered  one  of  the  greatest  improvements  ever 
introduced  in  connection  with  wood- working  machinery 
was  brought  out  by  Mr.  Henry  Wilson  (then  manager 
of  the  firm  of  Powis,  James,  and  Co.,  London).  This 
was  what  is  known  as  the  solid  or  '  box '  framing — that 
is,  instead  of  the  frames  of  saw  benches,  moulding  ma- 
chines, &c.,  being  bolted  together  in  pieces,  they  are 
cast  in  one  solid  mass,  thus  securing  greater  rigidity, 
enabling  saws,  cutter  blocks,  &c.,  to  be  driven  at  a  very 
higli  velocity  without  vibration.  This  was  unattainable 
in  machines  hitherto  made  with  light  iron  or  wooden 
framings,  although  in  former  years  it  was  argued  that 
wooden  framings  were  preferable  to  iron,  the  vibration 
of  high-speeded  cutters  being  absorbed  by  the  elasticity 
of  the  wood.  The  fallacy  of  this  reasoning  has  been 
amply  disproved  by  the  almost  universal  adoption  of 
solid  iron  framings  in  this  country,  and  more  or  less  in 
America  and  on  the  Continent,  America  hitherto  being 
the  great  advocate  for  the  use  of  wood.  Wooden  framings 
might  have  the  advantage  of  lightness  and  portability 
when  used  in  unfrequented  countries,  and  also  be  some- 
what less  in  first  cost,  but  where  machines  are  fixed  for 
permanent  use  there  seems  to  be  little  doubt  that  solid 
iron  frames  are  in  every  way  preferable,  being  stiffer 
and  steadier  in  their  work,  much  more  durable,  and 
costing  less  for  repairs.  A  number  of  other  improve- 
ments were  about  this  time  introduced  by  Mr.  Wilson, 
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including  a  macliine  for  sawing,  adzing,  and  boring 
railway  sleepers,  for  which  he  obtained  a  patent  in  the 
year  1864.  The  arrangement  for  sawing  was  briefly  as 
follows : — '  Endless  belts  carried  the  wood  between  up- 
rights, the  width  of  the  rough  sleeper  to  be  prepared ; 
six  circular  saws  were  erected,  under  which  the  belts 
carried  the  sleepers  ;  the  two  outer  saws  cut  the  sleepers 
to  the  length  required,  while  the  other  four  saws  were 
set  in  pairs  and  the  proper  position  for  making  cuts  to 
a  certain  depth  in  the  sleeper,  between  which  cuts,  to- 
wards the  ends  of  the  sleepers,  the  wood  is  to  be  re- 
moved for  the  chairs  to  be  seated.  The  belt  then 
carries  the  sleepers  under  the  adzes  or  sets  of  cutters 
revolving  horizontally,  whereby  the  wood  between  the 
two  cuts  last  mentioned  is  removed,  and  the  seats  for 
the  chairs  are  formed.  The  sleepers  thus  prepared  are 
carried  by  endless  belts  to  the  boring  machine,  which  is 
arranged  to  bore  the  four  necessary  holes  in  the  sleepers 
either  vertically  or  at  an  angle ;  after  boring  they  were 
shot  from  the  machine  by  the  belts.' 

Immediately  following  the  Exhibition,  Mr.  W.  B. 
Haigh,  of  Olhhara,  introduced  various  improvements 
into  sawing  machinery,  including  the  mode  of  operating 
saw  benches  for  cross-cutting  purposes,  in  which,  in- 
stead of  making  the  bearings  stationary  which  carry 
the  spindle  of  the  saw,  they  are  made  movable,  so  that 
the  saw  can  be  raised  and  lowered  as  desired.  The 
driving  band  passes  from  any  driving  pulley  over  a 
carrier  pulley,  and  around  two  other  pulleys,  and  as  one 
of  them  is  central  with  the  axis  of  a  swing  lever,  the 
length  between  the  two  pulleys  is  the  same  at  any  posi- 
tion of  the  saw,  and  the  tension  of  the  band  is  the 
same  in  all  positions.    In  large  circular  saw  benches 
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the  swing  lever  is  moved  up  and  down  by  a  worm, 
gearing  into  a  worm  wheel  or  quadrant  fixed  to  the 
boss  of  the  swing  lever,  so  that  when  the  worm  is  turned 
either  by  hand  or  steam  power  one  way,  it  will  cause 
the  worm  wheel  or  quadrant  to  revolve  and  depress  the 
swing  lever  and  bring  the  saw  below  the  table,  in  order 
to  prevent  accidents  when  the  timber  is  being  placed 
on  the  table,  and  when  the  worm  is  turned  the  other 
way  it  will  bring  up  the  saw  and  cut  the  timber  as  it 
rises,  and,  after  the  timber  has  been  cut,  the  saw  can  be 
again  lowered  to  be  out  of  the  way  during  the  removal 
of  the  cut  timber.  In  smaller  saw  benches  the  swing 
lever  is  moved  up  and  down  by  a  screw  and  nut  or 
other  convenient  means. 

A  patent  was  also  obtained  by  W.  Jeffery,  Glasgow, 
for  an  improved  saw  bench  for  cross-cutting  purposes. 
In  this  machine  the  saw  spindle  was  mounted  in  a 
slide,  to  which  was  given  a  self-acting  reciprocating 
motion,  by  means  of  screw  and  bevel  gear,  arranged  to 
reverse  automatically  by  means  of  a  Aveighted  lever  and 
stops.  A  slide  plate  could  also  be  used  for  cross-cut- 
ting, the  saw  remaining  in  a  fixed  position.  The  wood 
was  held  against  a  fence  on  this  plate,  and  pushed 
through  the  saw  by  hand,  a  weight  attached  to  the 
sliding  plate  bringing  it  back  to  its  original  position 
after  each  cut. 

Mr.  Samuel  Worssam,  in  1865,  patented  an  im- 
proved self-acting  saw  bench.  The  improvements  re- 
lated to  the  mechanical  arrangements  for  moving  the 
timber  on  the  saw  bench,  consisting  chiefly  in  the  use 
of  movable  feed  rollers  and  a  pair  of  rotating  rollers 
for  returning  the  timber  to  its  original  position  on  the 
bench  when  a  plank  had  been  sawn  therefrom. 
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Of  the  great  variety  of  wood-working  macliines,  the 
circular  saw  bench,  in  its  many  forms,  is  the  one,  per- 
haps, in  most  general  use  in  all  parts  of  the  world,  as 
before  the  wood  can  be  submitted  to  any  other  process, 
such  as  mortising,  moulding,  &c.,  it  must  first  be  pre- 
pared on  the  saw  bench.  It  is,  therefore,  of  the  highest 
importance  that  it  should  be  well  proportioned  and 
adapted  to  the  special  class  of  work  it  has  to  per- 
form ;  but  this  is  far  from  always  being  carried  out. 
We  take  it  that  true  proportion  denotes  the  just  mag- 
nitude of  the  members  of  each  part  of  a  machine,  and 
the  relation  of  the  several  parts  to  the  whole.  If  this 
was  more  generally  borne  in  mind,  we  should  not,  I 
think,  see  so  many  '  abortions  '  turned  out  by  so-called 
'  engineers,'  which  has  taken  from  English  machinery 
more  or  less  the  high  character  it  once  held,  and  has 
in  several  classes  of  industry  proved  a  boon  to  our 
American  rivals. 

In  wood- working,  as  well  as  other  machinery,  great 
care  should  be  taken  in  designing ;  a  certain  weight  of 
iron,  correctly  apportioned  to  bear  the  wear  and  tear 
and  high  speeds  it  is  necessary  to  run  at,  is  far  better 
and  more  economical  than  twice  the  amount  of  metal 
used  haphazard ;  but  how  rarely  does  this  matter  re- 
ceive the  attention  it  deserves.  With  some  makers  it 
seems  that  so  long  as  a  machine  may  be  made  to  work 
after  a  fashion  and  sell  at  a  certain  price,  their  end  is 
attained.  This  may  be  satisfactory  to  their  pockets, 
but  it  certainly  cannot  be  considered  as  conducive  to 
true  engineering  progress.  Of  course  there  are  some 
notable  exceptions,  and  I  think  I  cannot  do  better  than 
refer  to  Sir  Joseph  Whitworth's  machine  tools  as  illus- 
trating great  excellence  of  design  and  proportion,  and 
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whose  example  in  this  respect  it  would  be  well  for  many 
to  imitate. 

As  a  wood-working  tool,  the  saw  bench  has  the 
disadvantage  of  requiring  large  power  to  drive,  aud 
wastes  a  considerable  amount  of  wood.  This  draw- 
back is,  however,  more  than  counterbalanced  by  its 
general  handiness  and  adaptability  for  converting  all 
kinds  of  wood,  and  its  little  liability  to  disarrange- 
ment. 

We  illustrate  herewith  (fig.  1)  a  plain  circular  saw 
bench,  from  the  design  of  Messrs.  Western  and  Co., 
Lambeth.  It  is  a  very  good  example  of  the  '  box 
framing,'  and  is  well  and  substantially  designed.  The 
introduction  of  the  arm  carrying  the  bearing  outside  the 
driving  pulleys  is  an  improvement,  as  it  equalises  the 
strain  on  the  bearings ;  it  can  be  made  either  right-  or 
left-handed,  or  rising  from  the  floor  line,  which  should 
be  preferable,  as  it  allows  the  bench  to  be  driven  from 
any  direction.  The  fence  is  adjustable  by  means  of  a 
knuckle  joint  and  set  screws  for  cutting  feather-edged 
boards ;  and  as  the  elbow  to  which  the  fence  is  fastened 
swivels  on  a  spindle  at  back  of  bench,  it  can  be  turned 
over  out  of  the  way  for  cross-cutting  purposes.  The  pe- 
destals for  bearings  are  cast  solid  with  the  bench,  but 
some  makers  are  now  fixing  them  in  movable  brackets, 
which  can  be  easily  taken  off  for  repairs  or  renewals. 
The  teeth  of  circular  saws,  to  do  the  best  and  cleanest 
work,  should  travel  about  9,000  feet  per  minute,  and 
great  care  should  be  taken  that  the  form  of  saw  tooth 
is  selected  that  is  most  adapted  for  the  class  of  timber 
to  be  operated  on,  and  that  they  should  be  accurately 
and  properly  sharpened,  and  have  the  right  amount  of 
'set.'    These  points  are  oftentimes  neglected,  and  the 
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result  is  a  considerable  reduction  in  the  quality  and 
quantity  of  the  work  turned  out.  The  '  packing  '  of 
the  saws  is  also  a  matter  of  importance,  as,  if  well 


packed,  a  saw  of  thinner  gauge  can  be  run,  which  is  a 
saving  in  power  and  also  in  wood,  which,  when  valuable 
woods  are  being  sawn,  is  a  matter  of  much  more  moment 
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than  would  at  first  appear.  I  shall  have  something 
further  to  say  on  these  points. 

rig.  2  represents  a  circular  saw  bench  with  a  self- 
acting  continuous  feed,  patented  by  Mr.  John  Casson, 
of  Sheffield,  in  1868  (makers,  J.  M.  McDowall  and  Sons, 
Johnstone,  near  Glasgow).  The  wood  is  fed  to  the 
saw  continuously,  without  stopping  or  reversing  the 
machinery,  by  means  of  a  single  continuously  revolving 
grooved  roller,  of  slightly  conical  form,  between  which 
roller  and  the  fence  the  wood  to  be  sawn  is  placed. 
The  roller  is  affixed  to  an  axis  which  turns  in  bearings 
carried  by  a  horizontal  arm,  formed  in  two  parts,  one 
of  which  slides  telescopically  within  the  other,  so  that 
the  arm  can  be  extended  when  a  small  saw,  or  con- 
tracted when  a  large  saw,  is  used.  The  adjustment  of 
the  said  arm  is  effected  by  means  of  a  nut-and-screw 
arrangement,  which  admits  of  the  axial  motion  in  its 
socket  of  that  part  of  the  arm  which  carries  the  feed 
roller,  so  that  the  roller  can  be  set  in  an  oblique  posi- 
tion for  bevel-sawing.  The  said  socket  is  formed  on  a 
vertical  tubular  shaft,  which  turns  in  a  bearing  fixed  to 
the  frame  of  the  bench,  and  passes  through  another 
tubular  shaft  furnished  with  a  weighted  arm.  A  set 
screw  passing  through  the  outer  shaft  engages  in  a 
longitudinal  slot  or  groove  formed  in  the  inner  shaft, 
so  that  the  latter  can  slide  but  cannot  turn  in  the 
former. 

By  this  arrangement  the  arm  carrying  the  feed 
roller  can  be  raised  or  lowered.  The  weighted  arm 
referred  to  carries  a  toothed  quadrant,  which  receives 
motion  from  a  worm  on  a  shaft,  which  is  turned  as  re- 
quired by  a  hand  wheel,  and  can  be  thrown  in  and  out 
of  gear  by  means  of  a  rocking  standard  and  weighted 
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lever.  When  the  wood  to  be  sawn  is  placed  between 
the  fence  and  the  feed  roller,  the  worm  and  quadrant 
are  thrown  into  gear,  and  the  hand  wheel  is  turned  till 
the  feed  roller  is  brought  to  the  requsite  distance  from 
the  fence.  The  wood  is  then  introduced,  and  the 
quadrant  and  worm  being  thrown  out  of  gear,  the 
weight  comes  into  action,  and  the  feed  roller  is  pressed 
against  the  wood.  The  roller  is  driven  by  a  strap  or 
chain  passing  over  pulleys,  one  of  which  is  fixed  on 
the  axis  of  the  said  roller,  the  other  being  keyed  to  the 
upper  end  of  a  shaft,  which  passes  through  the  inner 
tubular  shaft  before  referred  to,  and  also  through  a 
worm  wheel,  to  which  the  said  central  shaft  is  con- 
nected by  means  of  a  groove-and-feather  arrangement. 
The  worm  wheel  is  driven  by  a  worm  in  a  shaft,  which 
receives  motion  by  means  of  band  pulleys  from  the 
saw  spindle.  The  feed  roller  can  be  removed  when 
cross-cutting,  &c.,  has  to  be  done. 

We  have  seen  the  above  self-acting  feed  in  motion 
for  cutting  deals,  &c.,  and  ordinary  light  work,  and  it 
answered  its  purpose  well.  The  inventor  claims  that 
this  feed  may  be  advantageously  applied  to  band  saws 
and  deal  frames,  but  we  have  never  seen  the  same  in 
operation. 
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CHAPTEE  IV. 

CIRCULAR  SAW  BENCHES — continued. 

There  are  a  considerable  number  of  circular  saw 
benches  made  with  self-acting  feed  motions,  to  bring 
the  timber  up  to  the  saw  when  too  heavy  or  laborious 
to  be  pushed  through  by  hand.  These  feeds  vary 
according  to  the  class  of  work  to  be  performed.  Mr. 
Samuel  Worssam  in  1873  received  provisional  protection 
for  a  simple  feed  especially  adapted  for  deals  and  bat- 
tens ;  before  this  date,  however,  the  writer  had  applied 
the  same  plan  to  benches  driven  by  hand.  It  consists 
of  a  grooved  or  serrated  roller,  or  rollers,  mounted  in 
bearings  underneath  the  table,  whose  periphery  works 
partly  in  an  opening  in  the  table,  and  extends  a  slight 
distance  above  its  surface,  to  ensure  the  wood  to  be  cut 
resting  thereon.  Eotary  motion  is  communicated  to 
the  roller  by  suitable  gearing,  capable  of  adjustment 
to  enable  the  speed  of  the  feed  roller  to  be  regulated 
as  desired.  Holding-down  rollers,  or  means  as  here- 
tofore used,  are  dispensed  with,  and  the  pressure  of  the 
saw  when  cutting  is  relied  on  solely  to  keep  the  wood 
in  contact  with  the  feed  roller.  Included  in  this  speci- 
fication is  an  improved  method  of  '  packing '  the  saw. 
For  this  purpose  loose  blocks  are  employed  on  each  side 
of  the  saw,  each  block  being  fitted  with  adjustable 
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packing  pieces.  The  loose  blocks  are  fitted  in  guides, 
fixed  to  the  under  side  of  the  table  and  to  the  '  filling- 
in  piece,'  and  two  screws  are  fitted  to  each  block,  to 
work  in  nuts  carried  by  the  table  and  the  fiUing-in  piece, 
so  that  the  ends  of  the  screws  extend  to  the  outer 
edges  of  the  table.  Thus  by  turning  the  screws  the 
loose  blocks,  with  the  packing  pieces  therein,  can  be 
adjusted  for  different  thicknesses  of  saws. 

No  very  striking  novelty  in  connection  with  circular 
saw  benches  was  shown  in  the  recent  International 
Exhibition  in  Paris.  Messrs.  Bollinder,  of  Stockholm, 
exhibited  a  saw  bench  for  edging  purposes.  It  was 
fitted  with  a  horizontal  plain  roller-feed.  Part  of  the 
top  of  the  bench  and  one  saw  were  adjustable  by  means 
of  a  hand  lever  to  the  widths  of  the  wood.  A  neat 
pendulum  or  vibrating  cross-cut  saw,  especially  de- 
signed for  sawing  barrel  staves,  was  shown  by  P.  Arbey, 
Paris.  The  stave  to  be  sawn  is  bent  under  a  powerful 
spring,  placed  on  a  swivelling  frame,  which  can  be  set 
to  any  angle.  The  pendulum  with  saw  is  brought  over 
by  hand,  and  one  side  of  the  stave  is  sawn;  the 
swivelling  frame  is  then  set  over  the  width  of  the  stave, 
and  the  saw  performs  the  same  operation  on  the  other 
side. 

A  small  machine  for  sawing  out  wooden  cogs  was 
shown  in  the  Swiss  section.  The  wood  is  fixed  in  a  vice 
fitted  on  a  circular  revolving  table,  and  is  operated  on 
by  two  circular  fine-toothed  saws,  running  vertically 
and  horizontally ;  when  the  tooth  is  cut  on  one  side, 
the  circular  table  is  made  to  revolve,  and  the  other  side 
of  the  wood  is  served  in  the  same  manner. 

Important  though  the  subject  is,  our  space  will  not 
permit  us  to  notice  all  the  varied  forms  and  modifica- 
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tions  of  circular  saw  benches  and  their  adaptation  to 
different  classes  of  work ;  we  shall,  however,  briefly 
notice  some  few  of  the  most  important.  For  cross- 
cutting  heavy  logs,  where  any  considerable  quantity 
are  done,  the  best  plan  is  to  arrange  at  the  end  of  the 
saw  mill  where  timber  enters,  below  the  floor,  a  large 
circular  saw,  which  can  be  raised  and  depressed  by 
suitable  gearing  above  and  below  the  floor  line,  and  cut 
through  the  log  as  it  lies  on  the  ground ;  this  effects  a 
considerable  economy  in  labour,  especially  when  the 
timber  has  to  be  converted  by  other  machines  and  the 
full  length  of  the  log  is  not  required.  For  light  cross- 
cutting  purposes,  a  pendulum  bench  is  a  very  useful 
form ;  in  this  case  the  saw  is  fixed  to  a  frame  or  pen- 
dulum, which  swings  on  a  countershaft  below  the  floor 
line.  The  saw  is  made  to  oscillate  by  self-acting  gear, 
or  can  be  brought  to  the  wood  by  means  of  a  treadle. 
The  number  and  length  of  the  strokes  can  be  varied  to 
suit  the  different  widths  of  boards.  A  somewhat 
novel  feature  has  latterly  been  introduced  in  this  class 
of  cross-cut  bench — we  believe  by  Messrs.  A.  Ran- 
some  and  Co.,  London.  It  consists  of  a  self-acting  stop, 
which  can  be  set  to  gauge  any  required  length  of 
board.  This  stop  is  brought  into  position  when  the 
saw  is  retiring  after  making  its  cut,  and  moves  out  of 
the  way  as  it  advances,  so  as  to  allow  the  boards  sawn 
at  the  last  stroke  to  fall  out  of  the  way  immediately 
after  they  are  cut.  For  cross-cutting  heavy  scantlings, 
deals,  &c.,  various  modifications  of  ordinary  saw  benches 
are  introduced,  the  saw,  by  suitable  gearing,  being 
made  to  advance  through  the  wood  and  retire  to  its 
first  position  ready  for  the  next  cut ;  these  modifica- 
tions vary  according  to  the  size  and  class  of  work  to 


CIRCULAR  SAW  BENCHES. 


27 


1)6  done.  As  a  rule,  it  must  be  considered  preferable 
for  the  saw  to  be  made  to  pass  through  the  wood,  in- 
stead of  the  wood  being  pushed  through  the  saw.  Tor 
sawing  railway  sleepers,  benches  are  generally  arranged 
with  an  endless  chain,  working  on  rollers  of  corre- 
sponding pitch.  This  chain  carries  loose  '  dogs,'  which 
grip  the  end  of  the  timber.  As  each  sleeper  is  sawn, 
the  '  dog  '  is  removed,  and  placed  at  the  end  of  another 
log  ;  a  continuous  feed  is  thus  obtained. 

In  small  establishments,  or  when  constant  changes 
are  made  in  the  work,  a  ripping  and  cross-cutting  saw 
can  be  combined  in  the  same  bench  by  mounting  two 
saw  spindles  in  a  revolving  frame  placed  beneath  the 
bench,  which  can  be  moved  round  by  a  hand  wheel 
and  worm  gearing,  thus  bringing  into  operation  above 
the  level  of  the  bench  either  the  cross-cutting  or  rip- 
ping saw,  as  required.  Saws  of  small  diameter  can 
be  driven  by  friction  discs.  When  much  light  wood 
has  to  be  cut  to  a  certain  length,  as  in  box- making, 
a  convenient  plan  is  to  mount  the  saw  in  a  slide  which 
can  traverse  backwards  and  forwards  through  the 
wood  by  a  hand  lever,  an  uniform  tension  of  the  belt 
being  secured  by  passing  it  over  pulleys  fitted  in  a 
vibrating  or  pendulum  frame.  For  edging  purposes 
three  or  more  circular  saws  can  be  mounted  on  the 
same  spindle,  and  a  horizontal  roller-feed  attached. 
Both  the  feed  and  saws  should  be  made  adjustable  for 
different  thicknesses  or  widths  of  wood  by  worm  or 
rack  and  pinion  gear.  The  feed  rolls  can  be  driven 
direct  from  the  saw  spindle. 

For  grooving  and  rebating  purposes  the  saw 
spindle  runs  in  bearings  fixed  on  a  slide  working  in  a 
bracket,  bolted  to  the  under  side  of  the  bench  ;  thick 
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saws  of  about  12  in.  diameter,  varying  according  to 
the  width  of  groove  to  be  cut,  are  used  in  place  of  the 
ordinary  ripping  saw.  By  means  of  a  hand  wheel  and 
screw,  the  slide  can  be  raised  or  lowered  for  the  saw  to 
project  above  the  surface  of  the  bench  the  exact  depth 
of  the  groove  to  be  cut,  and  the  wood  is  passed  over  it 
in  the  usual  manner.  Benches  are  also  fixed  on  wheels 
for  forest  use,  or  where  they  have  to  be  constantly 
moved  from  place  to  place,  and  are  often  otherwise 
varied  in  their  constructive  details  to  suit  special  con- 
ditions or  circumstances. 

Where  many  rough  and  irregular  logs  have  to  be 
cut  into  boards  or  scantlings,  the  roller  feeds  are  ill- 
adapted  for  the  purpose.  This,  however,  is  accom- 
plished by  rack  or  drag-rope  benches.  Eig.  3  illustrates 
a  well-designed  sample  of  the  ordinary  drag-rope  bench, 
made  by  Messrs.  Johnstone,  Hewetson,  and  Wilson, 
London.  These  benches  are  adapted  to  carry  saws  up 
to  about  54  in.  diameter ;  after  this  size,  the  rack 
bench  is  to  be  recommended.  The  illustration  needs 
very  little  description.  The  framing  is  of  the  now  well- 
known  'box'  form;  the  bearings  are  let  in  from  the 
top  of  the  bench,  and  are  so  divided  that  by  means  of 
set  screws  they  can  be  '  set  up  '  and  adjusted  to  equa- 
lise the  wear  of  same.  An  arm  cast  with  the  bench 
carries  the  bearings  outside  the  driving  pulleys;  the 
rate  of  feed  can  be  varied  by  means  of  the  cone  pulley 
and  belt  underneath  bench.  For  bringing  heavy  tim- 
ber up  to  the  saw,  carriages  running  on  rails  are  used. 
The  fence  is  fitted  with  binding  roller  and  weighted 
lever  for  keeping  the  wood  close  up,  and  the  width  of 
cut  is  easily  adjusted  by  means  of  a  transverse  screw 
placed  within  the  framing.    In  circular  saw  benches 
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where  heavy  timber  is  sawn  the  friction  of  the  wood, 
especially  if  green,  causes  considerable  loss  of  power. 
This  is  somewhat  lessened  by  the  sawyer  opening  out 
the  timber  by  means  Df  wedges  as  it  passes  the  saw. 
To  obviate  the  chanc3  of  splitting  the  wood  by  this 
method,  Mr.  G.  L.  Molesworth,  C.E.,  introduced  in  the 
year  1856  a  self-actin^  revolving  wedge,  in  the  shape 
of  a  wheel,  thick  at  its  centre  and  sloping  down  to  an 
edge  at  its  circumference  ;  it  revolved  on  centres  at  the 
end  of  a  lever,  which  was  free  to  traverse  along  the 
feather  of  a  rocking  shaft.  The  rocking  shaft  had  a 
lever,  which  caused  tbe  wedge  to  be  held  with  an  even 
pressure  within  the  cut.  The  whole  was  arranged 
close  behind  the  saw,  and  the  wedge  revolved  by  the 
friction  of  the  wood  as  it  advanced,  and  exerted  an  uni- 
form pressure  in  relieving  the  saw,  and  could  also 
adapt  itself  to  irregukr  as  well  as  straight  sawing. 

Fig.  4  represents  a  strong,  well-designed  rack  bench 
by  Messrs.  C.  Powis  and  Co.,  of  London,  especially 
adapted  for  the  heaviest  class  of  circular  sawing.  The 
timber  is  brought  up  md  carried  through  the  saw  by 
means  of  a  wrought-i:on  travelling  bed,  divided  longi- 
tudinally by  the  saw,  and  made  to  travel  over  turned 
rollers  by  means  of  a  strong  self-acting  rack  gear. 
Other  suitable  rollers  are  fixed  alongside  the  travelling 
bed,  both  behind  and  in  front  of  saw,  on  to  which  the 
timber  can  be  canted  both  before  and  after  being  sawn. 
The  table  can  be  arranged  to  travel  at  from  12  feet  to 
40  feet  per  minute,  ard  after  the  cut  is  made  the  re- 
turn motion  is  from  7)  feet  to  80  feet  per  minute.  It 
is  stopped  or  started  by  means  of  a  treadle  or  lever 
under  the  immediate  command  of  the  sawyer.  For 
breaking  down  heavy  logs  where  few  cuts  are  required, 
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or  where  the  scantlings  are  afterwards  to  be  cut  into 
thin  boards  in  a  deal  frame,  this  class  of  bench  is  es- 
pecially well  suited.  The  travelling  bed  is  fixed  very 
little  above  the  floor  line,  so  that  it  is  unnecessary  to 
lift  the  timber,  and  when  once  it  is  rolled  on  the  table 
its  own  weight  will  keep  it  in  position.  The  counter- 
shafts, belts,  &c.,  as  will  be  seen  from  the  illustration, 
are  placed  below  the  floor,  and  the  bench  being  fixed 
on  a  strong  wooden  framing,  supported  by  brick  or 
other  piers,  a  chamber  is  thus  formed  to  receive  the 
sawdust,  &c. 

We  have  noticed  recently  an  improvement  in  im- 
parting motion  to  rack-bench  tables.  It  consists  in 
working  the  rack  and  pinion  by  which  motion  is  im- 
parted in  a  horizontal  plane,  instead  of  a  vertical,  as 
hitherto,  the  side  of  the  rack  being  bolted  to  the  under 
side  of  the  table  instead  of  the  back.  The  objection 
to  the  vertical  method  is  that  sometimes  work  has  been 
damaged  by  the  rack  riding  on  the  driving  pinion,  and 
thus  raising  the  table. 

Circular  saws  up  to  about  7  feet  diameter,  but  not 
above,  can  be  worked  with  advantage,  notwithstanding 
the  large  power  required  to  drive  them.  Timber  re- 
quiring saws  of  greater  diameter  should  be  converted 
by  reciprocating  or  straight  saws.  In  America  circu- 
lar saws  are  used  of  much  thicker  gauge  than  in  this 
country,  and  without  packing  pieces.  This  practice, 
however,  must  be  condemned,  both  on  the  score  of 
wastefulness  of  power  and  wood ;  neither  is  the  work 
done  so  clean  or  true.  Less  skilled  labour  may  perhaps 
be  used,  but  even  this  is  a  doubtful  economy.  Crown 
and  cylinder  saws  are  used  somewhat  in  the  United 
States,  but  rarely  here.    A  dished  circular  saw  for  cut- 
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ting  out  curved  forms  was  invented  by  a  Mr.  Trotter 
in  1806,  but  the  band  and  fret  saw  bas  now  entirelj'' 
taken  its  place. 

It  was  the  practice  of  some  American  engineers  to 
make  the  top  of  their  saw  benches  of  narrow  strips  of 
different  woods  glued  up  together,  but  this  has  now 
almost  entirely  been  abandoned  in  favour  of  iron. 
Many  of  their  benches  are  fitted  with  spindles  arranged 
with  an  expanding  end,  to  suit  saws  with  holes  of  dif- 
ferent sizes ;  this  is  worked  by  means  of  a  screw  at  the 
one  end  of  the  spindle,  and  obviates  the  necessity  of 
bushing  the  saw  spindles. 

In  purchasing  or  making  a  saw  bench,  where 
low  first  cost  is  not  an  object,  and  where  a  really 
durable  and  efficient  machine  is  desired,  care  should  be 
taken  to  have  the  saw  spindle  made  of  Bessemer  or 
other  steel,  of  not  too  hard  a  texture  ;  or,  if  iron  is  used, 
it  should  be  of  the  best,  and  free  from  seams,  or  the 
bearings  will  rapidly  be  worn  away,  and  sometimes 
'fired'  by  the  friction,  besides  requiring  constant 
lubrication.  The  bearings  should  be  of  best  gun 
metal,  or,  better  still,  of  phosphor-bronze,  to  which 
metal  we  hope  to  refer  again,  as  its  merit  for  bearings 
is  great,  its  increased  cost  only,  we  believe,  preventing 
its  general  adoption.  We  have  seen  bearings  com- 
posed of  an  alloy  of  1 00  parts  of  tin,  10  parts  of  anti- 
mony, and  2  parts  of  copper  used,  and  they  are  reported 
to  wear  longer  than  gun  metal ;  but  of  this  we  cannot 
speak  personally.  We  should  imagine  for  heavy  ma- 
chines this  alloy  would  be  much  too  soft.  With  spindles 
carrying  saws  above  36  inches  in  diameter,  there  should 
be  three  sets  of  bearings,  which  should  be  placed  as 
far  apart  as  the  width  of  the  bench  will  permit ;  one 
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set  on  the  outside  of  the  driving  pulleys.  The  driving- 
pulleys  on  the  saw  spindle  should  not  be  of  too  small 
diameter,  and  should  be  sufficiently  wide  to  carry  belts  ; 
a  safe  rule  is,  say,  one-quarter  of  the  diameter  of  the 
saw  used.  Eflacient  lubrication  of  saw  spindle  should 
be  secured,  and  is  of  great  importance,  as  should  heat 
from  the  spindle  be  communicated  to  the  saw,  it  de- 
stroys the  stiffness  of  the  plate,  and  gives  a  tendency  to 
'  buckling.'  Care  also  should  be  taken  that  it  is  worked 
at  its  right  speed,  as  it  is  found  that,  if  run  at  too  great 
a  rate,  it  becomes  wavy  and  pliant,  and  runs  untrue. 
We  have  already  spoken  of  the  best  form  of  framing, 
and,  in  concluding  our  remarks  on  these  points,  we 
should  recommend  buyers  not  to  be  tempted  by  a  very 
low  price,  as  they  will  find  it  impossible  to  purchase  a 
good  and  useful  machine  without  paying  a  fair  price 
for  the  design,  workmanship,  and  materials  embodied 
therein.  We  may  mention  that  the  smallest  circular 
saws  in  use  in  this  country  are,  we  believe,  those  em- 
ployed in  the  manufacture  of  pens,  and  they  range 
about  half  an  inch  in  diameter. 

For  saw  benches  cutting  above  12  inches  deep,  self- 
acting  feed  gear  is  to  be  recommended,  as  the  labour  of 
pushing  the  timber  through  the  saw  is  excessive.  For 
plain  jobbing  benches,  at  any  rate  the  larger  sizes, 
turned  revolving  rollers  should  be  placed  at  the  front 
end  of  the  bench,  as  this  lessens  somewhat  the  labour 
required  in  feeding  by  hand.  For  very  light  or  orna- 
mental work  a  small  saw-bench  can  conveniently 
be  driven  by  the  foot.  The  top  of  the  table  outside  the 
saw  should  be  arranged  to  angle  for  cutting  mitres, 
and  the  whole  table-top  made  to  cant  endways  for  light 
rabbeting,  grooving,  &c.    When  '  drunken  '  saws— that 
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is,  those  fixed  obliquely  on  their  spindles — are  used  for 
grooving  in  preference  to  saws  of  a  gauge  the  same 
thickness  as  the  groove  required,  if  the  collars  em- 
ployed to  keep  them  in  position  are  made  to  a  consider- 
able bevel,  they  can  be  so  arranged  by  turning  them 
round,  that,  with  one  set  of  collars,  the  saw  can  be  set 
to  almost  any  angle  to  cut  any  width  groove  desired, 
or  it  can  be  fixed  at  right  angles  to  the  spindle  for 
ordinary  sawing.  This  plan  does  away  with  several  sets 
of  collars.  The  peripheries  of  circular  saws  should  be 
speeded  to  travel  about  9,000  feet  per  minute. 


35 


CHAPTER  V. 

TIMBEE  AND  DEAL  FEAMES,  ETC. 

Undee  the  above  heading  we  purpose  noticing  the 
varied  forms  of  machines  generally  known  as  recipro- 
cating or  mill  saws.  The  straight  or  mill  saw  was 
known  and  in  use  some  hundreds  of  years  probably 
before  the  circular  saw.  The  date  of  its  introduction, 
and  when  it  was  first  driven  by  other  means  than  hand 
power,  is  uncertain ;  several  writers,  however,  mention 
the  fourteenth  century  as  probably  the  earliest  period. 
Montfaucon  ('L'Antiquite  Expliquee,'  vol.  iii.,  pi.  189) 
gives  a  representation  of  two  ancient  saws  taken  from 
Gruter,  one  the  blade  of  a  saw  without  any  frame,  and 
the  other  apparently  a  cross-cut  saw.  Some  interesting 
accounts  of  an  early  saw  frame  or  mill,  as  it  is  called, 
are  given  in  Hardwicke's  '  Miscellaneous  State  Papers,' 
from  1501  to  ]  726,  p.  71.  In  the  year  1555,  the  am- 
bassador from  Mary,  Queen  of  England,  to  the  Court 
of  Eome,  having  noticed  a  saw  mill  in  the  neighbour- 
hood of  Lyons,  describes  it  as  follows  : — '  The  saw  mill 
is  driven  with  an  upright  wheel ;  and  the  water  that 
maketh  it  go  is  gathered  whole  into  a  narrow  trough, 
which  delivereth  the  same  water  to  the  wheel.  This 
wheel  hath  a  piece  of  timber  put  to  the  axle-tree  end, 
like  the  handle  of  a  broch,  and  fastened  to  the  end  of 
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a  saw,  which  being  turned  by  the  force  of  the  water, 
hoisteth  up  and  down  the  saw,  that  it  continually 
eateth  in,  and  the  handle  of  the  same  is  kept  in  a 
rigall  of  wood  from  swerving.  Also  the  timber  lieth 
as  it  were  upon  a  ladder,  which  is  brought  by  little  and 
little  to  the  saw  with  another  vice.'  Before  the  intro- 
duction of  saw  frames  driven  by  water  or  wind,  timber 
was  generally  converted  by  the  aid  of  the  wedge  and 
pit  saw;  the  latter  had  a  reciprocating  motion  given 
to  it  by  two  or  more  men.  In  isolated  districts,  or 
where  little  timber  is  required,  these  saw-pits  are 
in  considerable  use  even  at  the  present  time,  and 
men  can  be  found  willing  to  convert  some  classes 
of  timber  at  a  cost  not  greatly  in  excess  of  that  sawn 
by  machinery;  the  process  is,  however,  much  slower, 
and  as  a  rule  not  so  well  done.  The  earliest  saw 
frames  in  use  in  this  country  were  constructed  almost 
entirely  of  wood,  and  are  described  by  an  old  writer  as 
follows  : — '  The  common  saw-mill,  which  is  generally 
employed  in  cutting  timber  into  planks,  consists  of  a 
square  wooden  frame,  in  which  a  number  of  saws  are 
stretched ;  this  frame  rises  and  falls  in  another  wooden 
fi-ame,  secured  to  the  foundation  of  the  mill  in  the  same 
manner  as  a  window  sash  rises  and  falls.  The  timber 
to  be  cut  is  placed  upon  a  horizontal  bed  or  carriage, 
sliding  upon  the  floor  of  the  mill,  which  being  suffi- 
ciently narrow  to  pass  through  the  inside  of  the  vertical 
or  moving  saw-frame,  will  carry  the  tree  through  and 
subject  it  to  the  action  of  the  saw.  The  carriage  is 
provided  with  a  rack,  which  is  engaged  by  the  teeth  of 
a  pinion,  and  thus  gives  the  means  of  advancing  the 
carriage.  The  pinion  is  turned  by  means  of  a  large 
ratchet-wheel,  with  a  click  moved  by  levers  connected 
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with  the  saw  frame ;  when  the  saw  frame  rises  the 
click  slips  over  a  certain  number  of  teeth  of  the  ratchet 
wheel,  and  when  it  descends  to  make  the  cut,  the  click 
turns  the  ratchet  wheel  round,  and  advances  the  wood 
forward  just  as  much  as  the  saw  cuts  during"  its  de- 
scent. The  trees  are  generally  dragged  up  an  inclined 
plane,  through  a  door  at  one  end  of  the  mill,  and  being 
placed  upon  the  carriage,  they  pass  through,  and  are 
divided  by  the  saw  into  two  or  more  pieces,  which  are 
carried  forward,  and  passed  out  at  a  door  on  the  oppo- 
site side  of  the  mill.' 

Bentham,  amongst  other  machines,  supplied  a  num- 
ber of  saw  frames  to  the  Government  establishments  at 
the  close  of  the  last  and  the  commencement  of  the 
present  century.  We  do  not  find,  however,  record  of 
any  special  invention  made  by  him  in  relation  to  this 
particular  class  of  machine.  In  1805  and  1807  Bru- 
nei took  out  patents  for  improvements  in  sawing 
machinery,  included  in  which  was  a  method  for  fixing 
and  tightening  mill  saws,  which  was  introduced  by  him 
at  the  Eoyal  Arsenal,  Woolwich,  and  elsewhere.  It 
may  be  described  as  follows  : — Each  saw  has  pieces  of 
metal  formed  like  hooks  riveted  on  either  end.  The 
hook  at  the  lower  end  of  the  saw  falls  into  a  proper 
recess  made  in  the  lower  cross-bar  of  the  frame,  and 
the  upper  hook  is  engaged  with  the  hook  of  a  shackle 
or  link  which  hangs  upon  the  upper  cross-bar,  and  has 
wedges  through  it,  by  means  of  which  it  can  be  drawn 
tight  to  strain  the  saw.  As  the  tension  of  the  saws  is 
in  a  measure  uncertain  when  the  wedges  of  the  shackles 
are  merely  driven  by  a  hammer,  Brunei  employed  a 
very  ingenious  steelyard,  which  exhibited  the  degree 
of  tension  given  to  the  saw.    A  strong  spindle  ex- 
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tended  across  the  fixed  uprights  in  which  the  saw  frame 
slides,  and  above  the  top  of  these  uprights,  from  one  side 
of  this  spindle,  a  lever  proceeds,  which  has  a  weight  fixed 
at  the  end,  and  from  the  opposite  side  of  the  spindle  two 
short  levers  are  fixed.  They  were  connected  by  links 
to  a  cross-bar,  situated  just  over  the  upper  cross-bar  of 
the  saw  frame  when  it  is  at  its  greatest  point  of  eleva- 
tion. This  cross-bar  of  the  steelyard  has  a  shackle 
upon  it,  which  can  be  united  by  a  key  with  any  of  the 
shackles  upon  the  cross-bar  of  the  saw  frame,  which 
shackles  are,  as  before  mentioned,  united  by  the  hooks 
with  the  upper  end  of  their  respective  saws,  and  by 
this  means  the  lever  and  its  weight  become  a  steel- 
yard, to  draw  up  any  one  of  the  saws  with  a  deter- 
minate force.  In  using  this  apparatus,  the  crank  is 
turned  round  to  elevate  the  frame  to  the  highest  point. 
Two  wedges  are  then  put  in  between  the  saw  frame 
and  the  uprights,  and  this  holds  the  saw  frame  fast 
whilst  the  steelyard  is  applied.  The  sharpened  saws 
are  now  put  into  the  saw  frame,  by  hooking  them  upon 
the  lower  cross-bar,  and  uniting  the  hooks  to  the 
shackles  on  the  upper  cross-bar.  The  link  upon  the 
cross-bar  of  the  steelyard  is  united  with  the  shackle  of 
one  of  the  saws,  and  by  allowing  the  steelyard  to 
descend  it  stretches  the  saw,  the  wedge  being  thrust 
in  by  hand  as  far  as  it  will  go,  thus  retaining  the  saw 
at  the  tension  to  which  the  steelyard  has  stretched  it. 
This  same  operation  is  performed  on  all  the  saws,  which 
are  thus  strained  equally.  Brunei  also  erected  several 
reciprocating  saws  for  the  Government,  including  one 
working  a  specially  thin-gauge  saw  with  fine  teeth,  for 
cutting  sheaves  from  lignum  vitse.  The  plan  of  holding 
and  feeding  the  timber  to  be  operated  on  is  ingenious. 
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The  tree  of  lignum  vitse  is  placed  horizontally  in  a 
large  vice,  which  is  opened  and  shut  by  two  screws, 
both  moved  at  the  same  time  by  cog  wheels,  connect- 
ing them  so  as  to  move  the  jaws  of  the  vice  parallel. 
The  machine  being  used  for  cutting  the  ends  of  the 
trees  into  proper  thicknesses  for  the  sheaves,  the  vice 
which  held  the  tree  was  provided  with  a  screw,  which 
advanced  and  gave  the  proper  distance  every  time  a 
sheave  was  cut  off.  The  vice  was  fitted  on  parallel  slides, 
so  that  the  pieces  cut  off  should  have  parallel  sides. 
This  machine  was  used  for  cutting  up  the  largest-sized 
trees,  the  smaller  being  converted  by  a  circular  saw 
fixed  in  a  horizontal  swinging  frame,  similar  to  the 
action  of  a  gate  or  door.  The  timber  was  also  made 
to  revolve,  thus  presenting  every  part  of  its  circum- 
ference to  the  action  of  the  saw ;  the  saw  was  therefore 
enabled  to  cut  through  a  tree  nearly  its  own  diameter. 
The  whole  arrangement  was  decidedly  clever,  but  our 
space  precludes  more  than  a  passing  notice.  We  must 
not,  however,  omit  to  add  that  Brunei  was  most  ably 
seconded  by  the  late  Henry  Maudslay,  who  carried  out 
the  inventor's  ideas  with  the  greatest  skill  and  accuracy, 
and  introduced  many  improvements  of  his  own. 

A  patent  was  granted  to  Charles  Hammond,  Lon- 
don, 1811,  for  improvements  in  machinery  for  sawing 
and  planing  wood,  described  in  which  are  feed  rollers 
for  bringing  the  timber  up  to  frame  and  circular  saws, 
&c.  This  same  plan  of  feeding  timber  has  been 
adapted  to  planing,  moulding,  and  other  machines, 
and  has  formed  the  subject  of  several  patents,  in- 
cluding that  great  American  monopoly,  the  Wood  worth 
planer. 

We  have  before  us  the  drawing  of  a  deal  frame  for 


40  WOOD-WORKING  MACHINERY. 

cutting  two  deals  at  once,  constructed  some  fifty  years 
since  by  a  Mr.  Haigh,  of  Eatcliffe,  for  the  Dutch 
Government.     The  framework,  saw  frame,  &c.,  are 
made  of  iron,  instead  of  wood,  as  generally  hitherto 
used.    The  saw  frame  has  square,  vertical,  adjustable 
guides,  rack  feed-motion,  with  ratchet  wheel  and  paul, 
adjustable  friction  rollers,  fly  wheel,  fast  and  loose 
pulleys,  &c.    In  fact,  it  differs  very  little  in  essential 
particulars  from  many  deal  frames  noAv  made,  and, 
considering  the  date  at  which  it  was  built,  must  be' 
considered  a  first-rate  specimen  of  engineering  skill. 
About  this  time  also  a  machine  or  apparatus  for  cutting 
piles  under  water  by  means  of  a  reciprocating  saw  was 
introduced ;  who  its  inventor  was  is  uncertain,  but  it 
was  probably  of  Continental  origin.    The  machine  em- 
ployed for  this  purpose  is  required  to  give  the  saw  three 
motions— the  first,  by  which  it  descends  below  the  level 
of  the  water,  at  the  same  time  preserving  the  blade  of 
the  saw  in  a  horizontal  position ;  the  second,  a  hori- 
zontal motion  in  the  direction  of  the  length  of  the  saw ; 
and  the  third,  a  horizontal  movement  in  the  direction 
of  the  breadth  of  the  saw,  which  enables  it  to  follow  its 
work  as  it  advances  into  the  pile.    This  was  effected  in 
the  machine  under  notice  by  two  platforms,  one  of 
which  w^as  made  movable  by  rollers  on  a  framework 
attached  to  the  top  of  the  piles,  where  the  workmen 
stand  in  working  the  saw;  the  second  platform  was 
placed  below  this,  and  attached  to  it  by  four  rods,  with 
racks  and  pinions,  by  means  of  which  it  could  be  raised 
or  depressed,  according  to  the  depth  below  the  level 
of  the  water  the  pile  was  required  to  be  cut  off.  The 
saw  was  fixed  to  a  carriage,  which  was  movable  on  the 
lower  platform,  on  rollers^  in  the  direction  of  the 
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breadth  of  the  saw.  A  rack  was  attached  to  the 
carriage,  which  engaged  a  pinion  working  in  the  lower 
platform ;  by  this  means,  the  carriage  and  saw  were 
pressed  forward  against  the  pile. 

Saws  or  blades  for  cutting  stone,  marble,  &c.,  driven 
by  steam,  were  also  now  in  use.  The  saws  were 
stretched  in  a  strong  frame,  and  received  a  horizontal 
reciprocating  motion  from  a  steam  engine.  A  very 
complete  marble  mill  was  made  by  a  Mr.  CoUiss,  and 
erected  in  the  neighbourhood  of  Kilkenny  about  the 
year  1830  ;  the  machine  was  arranged  to  work  twenty 
saws  and  five  polishers.  The  saws  were  of  soft  iron, 
and  lasted  about  a  week,  and  were  worked  with  sand 
and  water.  The  marble  taken  from  the  mill  was  first 
polished  with  stone  called  cove  stone,  which  is  a  brown 
sandstone ;  it  was  afterwards  polished  by  a  hone  stone, 
which  was  a  piece  of  smooth  nodule  of  the  argillaceous 
iron  ore  found  in  the  hills  between  Kilkenny  and 
Freshford ;  it  received  its  last  polish  in  the  mills  with 
rags  and  putty. 

In  1835  Messrs.  Gibbs  and  Gatley  took  out  a  patent 
for  '  certain  improvements  in  machinery  for  cutting 
wood  and  other  materials.'  The  improvements  chiefly 
relate  to  combinations  of  machinery  specially  adapted 
for  cask-making,  but  included  in  the  specification  under 
claim  No.  5  is,  '  in  constructing  an  ordinary  vertical 
saw  frame  or  machine  in  such  manner  that  one  set  of 
saws  and  their  frame  shall  at  all  times  balance  another 
set  of  saws  and  their  frame.'  This  improved  counter- 
balanced saw-frame  was  fully  illustrated  and  described, 
and  from  the  illustration  it  is  seen  that  the  two  cranks 
are  on  the  same  plane  in  opposite  directions,  and  that, 
therefore,  the  resistance  of  the  cut  and  the  weight  of 
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the  saws  will  be  balanced  at  every  point  of  a  revolution. 
This  arrangement  has  been  the  subject  of  at  least  one 
patent  since  the  above  date,  but  we  are  at  a  loss  to  see 
wherein  the  originality  of  the  later  patent  lies,  except, 
perhaps,  in  the  matter  of  small  details.  This  affords 
one  of  the  many  instances  of  the  haphazard  manner  in 
which  patents  are  granted,  and  also  the  need  that 
exists  for  reformation  in  this  as  well  as  other  points  in 
our  present  system  of  patent  administration. 

Following  1835  we  do  not  find  for  some  years  any 
inventions  or  improvements  of  importance  relating  to 
reciprocating  saws.  In  1848  T.  H.  Barber,  of  London, 
took  out  a  patent,  in.  which  a  great  many  contrivances 
are  described,  including  some  improvements  in  saw 
frames ;  but  the  specification  relates  chiefly  to  bevel- 
sawing,  and  means  for  facilitating  the  same.  In  1850 
Mr.  Amos  Jackson,  an  American,  brought  out  a  machine 
which  he  proposed  to  drive  by  the  weight  of  the  log  to 
be  sawn.  Although  unpractical,  the  originality  of  the 
idea  merits  a  short  description.  The  rails  on  which 
the  timber  carriage  travelled  were  fixed  on  bearings 
attached  to  a  frame,  the  opposite  ends  of  which  were 
fitted  with  large  segments  of  a  toothed  wheel,  working 
into  a  series  of  toothed  wheels  and  pinions.  When  the 
log  was  pushed  forward  to  the  saw,  its  weight  was  to 
act  through  the  segments  on  a  shaft  having  several 
intermediate  gearings,  which  would  increase  the  speed 
sufficiently  to  drive  the  crank  shaft.  The  saws  pro- 
posed to  be  used  were  to  be  made  thick  at  the  points  of 
the  teeth,  tapered  to  a  thinner  gauge  at  the  back  of 
the  saw,  and  to  be  run  without  setting.  In  185kJ  Mr. 
John  McDowall,  of  Johnstone,  brought  out  and  pa- 
tented '  a  high-speed  tension  sawing-machine.'   It  con- 
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sisted  of  a  single  miil-saw,  di-iven  at  a  high  speed,  with 
an  arrangement  for  giving  increased  tension  to  the  saw 
without  using  the  ordinary  heavy  saw  frp.me  and 
buckles  ;  also  an  adjustment  for  regulating  the  *  over- 
hang '  of  the  saw,  according  to  the  rate  of  feed  given  to 
the  timber. 
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CHAPTER  VI. 

TIMBER  AND  DEAL  FRAMES,  ETC. — continued. 

In  the  year  1854  Mr.  James  Hamilton,  of  New  York, 
patented  an  arrangement  of  vertical  saws  especially 
adapted  for  cutting  ships'  timbers.  A  machine,  made 
under  this  patent,  was  erected  at  the  shipbuilding  yard 
of  Messrs.  Wigram  and  Son,  Blackwall.  The  machine 
ran  two  saws,  which  cut  both  sides  at  once  of  any 
timber  ordinarily  used  in  shipbuilding.  Each  saw  was 
hung  in  such  a  manner  as  to  be  free  to  turn  on  its 
centres,  and  present  its  cutting  edge  in  any  required 
direction ;  they  were  also  arranged  to  move  laterally  in 
the  saw  frame.  This  movement  was  obtained  by 
stretching  each  saw  in  a  separate  frame,  which  frame 
slided  sideways  within  the  principal  frame.  The  saw- 
yer controlled  the  position  of  both  the  saws  by  holding 
a  lever  or  guide  in  either  hand,  and  thus  manipulated, 
each  saw  was  made  to  follow  the  line  on  the  timber  to 
any  desired  curve  or  taper.  The  bevel  of  the  timber 
was  obtained  by  causing  it  to  revolve  somewhat  as  it 
was  fed  up  to  the  saw,  and  the  exact  bevel  necessary  at 
every  point  was  thus  secured,  and  the  timber  left  the 
saw  sufficiently  true  to  require  little  or  no  trimming. 
An  adjustable  crank  or  disc  for  varying  the  length 
of  stroke  of  saw  frames,  and  some  other  improve- 
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luents,  were  patented  by  S.  B.  and  A.  Sparkes  in  the 
year  1857. 

In  1859  the  late  Mr.  Samuel  Worssam,  of  London, 
brought  out  and  patented  several  important  improve- 
ments connected  with  timber  and  deal  frames,  foremost 
amongst  which  was  an  inlproved  feed  for  saw  frames. 
It  consisted  of  an  eccentric  paul  or  pauls  working  in 
a  grooved  wheel.  The  paul  was  connected  to  a  lever, 
which  was  keyed  or  otherwise  fixed  on  the  shaft  or 
roller  which  drives  forward  the  wood  to  the  saw.  The 
rate  of  feed  could  be  varied  from  1  foot  to  4  feet  per 
minute,  according  to  the  nature  of  the  work,  the  num- 
ber of  saws  carried,  &c.  This  feed  has  the  advantage 
of  being  nearly  silent  in  its  operation,  and  is  now 
in  very  general  use.  Included  in  this  specification 
is  an  improved  '  sling '  connecting-rod  for  driving  saw 
frames. 

In  the  Exhibition  of  1862  Messrs.  Worssam  ex- 
hibited a  very  complete  portable  deal  frame,  designed 
chiefly  for  builders'  use,  adapted  to  work  about  ten 
saws.  The  whole  of  the  working  parts  were  fixed  on  a 
cast-iron  base-plate ;  the  connecting  rod  was  worked 
from  a  single  crank,  and  was  looped,  to  clear  the  rack 
which  passed  through  it.  The  feed  was  the  patent 
arrangement  to  which  we  have  just  referred.  A  vacuum 
cylinder  to  balance  the  weight  of  the  swing  frame  was 
applied  at  the  top  of  the  fixed  frame.  This  cylinder 
was  fitted  with  the  usual  piston  and  piston  rod ;  the 
latter  was  connected  with  the  swing  frame.  As  the 
swing  frame  descended,  and  the  piston  with  it,  a 
vacuum  was  formed  in  the  upper  end  of  the  cylinder, 
and  the  resistance  of  the  air  in  the  lower  end  of  the 
cylinder  balanced  the  weight  of  the  moving  frame ;  a 
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valve  at  the  upper  end  of  tlie  cylinder  allowed  any  air 
that  might  leak  above  the  piston  to  escape.  This  idea 
waSj  how^ever,  not  novel,  as  a  similar  arrangement  was 
introduced,  we  believe,  by  Mr.  James  Neil,  of  Glasgow, 
about  the  year  1851.  We  may  here  describe  a  very 
novel  method  of  stretching  saws  by  means  of  com- 
pressed air,  introduced  and  patented  in  America  by 
Messrs.  Rapp  and  Wright  about  this  time ;  we  have, 
however,  never  seen  it  in  use  in  this  country,  and 
doubt  its  utility,  but  from  its  novelty,  if  nothing  else, 
we  think  it  deserving  of  notice.  The  saw  was  stretched 
b}"^  the  aid  of  two  polished  rods  which  pass  through 
stuffing  boxes  into  cylinders,  where  they  were  attached 
to  pistons,  which  received  the  pressure  of  the  com- 
pressed air.  The  contiguous  extremities  of  these 
cylinders  were  put  in  communication  by  means  of  a 
pipe,  so  that  whatever  pressure  was  generated  beneath 
the  top  piston  was  equally  felt  above  the  bottom  piston. 
The  air  was  provided  by  means  of  a  small  pump,  which 
made  good  losses  by  leakage.  As  the  savv  moved  up  or 
down,  the  air  changed  its  position,  rushing  through 
the  pipe  from  one  cylinder  to  another.  By  means  of 
the  compressed  air,  the  inventors  claimed  that  they 
could  stretch  saws  to  a  sufficient  tension  without  the 
usual  saw  frame,  thus  enabling  saws  of  a  thinner  gauge 
to  be  used  and  a  higher  speed  to  be  run,  but  we  are 
afraid  anything  gained  in  this  particular  would  be 
more  than  counterbalanced  by  the  manifest  disad- 
vantages of  the  plan.  A  number  of  saws  stretched  in 
this  manner  were,  however,  we  believe,  made,  and  used 
in  Buffalo  and  other  parts  of  A  merica. 

In  our  Exhibition  of  1862  Messrs.  Powis,  James, 
and  Co.,  London,  exhibited  a  machine  with  a  com- 
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bination  to  cut  both  timber  and  deals,  whida  was 
then  somewhat  of  a  novelty.  The  timber  was  fed  by- 
means  of  fluted  rollers,  and  was  kept  steady  by  uni- 
versal jointed  pressure  rollers  at  the  sides  and  top, 
acted  on  by  springs  to  adapt  themselves  to  inequalities 
of  surface.  The  cross-heads  of  the  swing  frame  were 
of  steel,  and,  counterbalanced  by  fly  wheels,  the  frame 
was  arranged  to  drive  from  above  or  below  at  190 
revolutions  per  minute,  carrying  saws  adapted  to  cut 
timber  26  inches  deep.  Messrs.  J.  and  T.  Young, 
of  Ayr,  also  exhibited  a  frame  adapted  for  cutting 
deals.  With  the  exception  of  its  being  driven  from 
the  top  of  the  machine  by  an  extra  long  connecting 
rod,  it  did  not  possess  any  special  feature. 

In  ,the  year  1863  Mr.  W.  B.  Haigh,  of  Oldham,  pa- 
tented various  improvements  in  connection  with  vertical 
saw  frames,  and  direct-acting  engines  for  driving  same. 
The  swing  frames  were  arranged  on  the  equilibrium  or 
balancing  principle,  and  were  joined  by  connecting  rods 
to  cranks  set  at  half-centres  on  the  shaft  of  the  steam 
engine,  in  order  that  the  swing  frames  may  move  in 
opposite  directions  and  balance  each  other,  and  also 
enable  the  piston  of  the  steam  engine  to  have  equal 
work  at  all  parts  of  its  stroke.  The  saw  frame  is  con- 
nected at  the  front  to  the  piston  rod,  and  at  the  back 
to  the  connecting  rod,  so  that  the  pressure  of  the  cut 
is  divided  between  the  piston  rod  and  the  said  con- 
necting rod,  and  thereby  gives  equilibrium  to  the  strain 
upon  the  working  parts ;  but,  when  desired,  the  piston 
rods  can  be  at  the  back,  and  the  connecting  rods  at  the 
front.  The  shaft  of  the  steam  engine  is  central  with 
the  half-stroke  of  the  piston,  and  the  connecting  rods 
are  brought  down  from  the  piston  rod  to  the  cranks. 
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which  arrangement  saves  the  length  of  the  connecting 
rod  and  shortens  the  framework  to  a  corresponding 
extent.  The  feed  is  given  to  the  timber  in  the  usual 
manner  by  two  separate  eccentrics  working  on  the 
crank  shaft,  and  connected  by  rods  to  pauls  working 
in  two  grooved  wheels  fixed  to  the  shafts  of  the  fluted 
rollers  on  which  the  timber  rests,  and  the  fences 
against  which  the  side  of  the  timber  is  in  contact  are 
adjusted  by  set  screws  and  fixed  to  the  stationary 
frame.  The  rollers  for  keeping  the  timber  against  the 
fences  are  connected  to  two  vertical  shafts,  working  in 
bearings  at  each  side  of  the  frame,  and  to  each  shaft  is 
fixed  a  lever,  attached  to  a  spring  by  a  rod,  having  a 
screw  sufficiently  long  to  shift  the  roller  for  taking  in 
various  thicknesses  of  timber,  there  being  on  the  screw 
and  against  the  lever  a  nut  in  a  hand  wheel,  which  is 
turned  to  shift  the  lever  and  the  roller  and  give  the 
necessary  friction  against  the  fence.  The  holding-down 
rollers  are  connected  to  large  nuts  working  on  screws 
in  connection  with  springs  in  the  usual  manner,  for  the 
purpose  of  adjusting  the  rollers  to  the  various  sizes  of 
timber  to  be  sawn. 

In  the  steam  engines  for  working  the  saw  frames 
the  slide  box  and  valve  are  placed  at  right  angles  to 
the  length  of  the  cylinder,  and  the  steam  passages  are 
arranged  accordingly,  in  order  to  work  the  slide  direct 
from  the  eccentric  by  a  straight  rod. 

Following  the  Exhibition  of  1862,  Mr.  Charles 
Frazer,  of  IsTorwich,  introduced  and  patented  several 
improvements  in  deal  frames,  one  of  which  was  the 
introduction  of  feed  rollers  on  the  fence  side  of  the 
deal,  working  in  conjunction  with  a  wide  feed-roller 
acting  on  its  other  side,  thus  securing  a  greatly  in- 
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creased  feeding  power.  He  also  claimed  the  use  of 
counterbalanced  saw  frames ;  but  this  plan,  we  think, 
can  hardly  be  considered  novel,  as  it  is  described  in 
Gibbs  and  Gatley's  patent,  dated  1835.  Frames  built  on 
this  plan,  however,  can  be  driven  at  a  greatly  increased 
speed.  Whether  this  is  an  advantage  or  not  has  been 
the  subject  of  so  much  discussion  amongst  engineers, 
that  we  shall  not  enter  on  the  question  here.  Each 
swing  frame  is  fitted  with  a  separate  feed  motion,  so 
that  on  one  side  of  the  frame  a  deal  can  be  fed  through 
the  saws  at  the  rate  of  5  feet  or  6  feet  per  minute, 
whilst  on  the  other  side  of  the  frame  a  piece  of  hard 
timber  could  be  made  to  travel,  say,  1  foot  per  minute. 

In  1867  Mr.  Samuel  Worssam  patented  an  improved 
method  of  packing  timber  on  saw  frames  and  trying-up 
machines,  by  which  the  supporting  table  is  provided  at 
short  intervals  with  several  transverse  rocking  supports, 
which,  when  wedged  up  from  below,  will  fit  against  the 
under  side  of  the  timber  and  will  take  the  weight  of  the 
timber  at  several  points,  whatever  may  be  the  uneven- 
ness  of  the  under  side. 

Messrs.  Eobinson  and  Smith,  of  Eochdale,  have  re- 
cently patented  several  improvements  connected  with 
timber  and  deal  frames,  including  an  arrangement  for 
rising  and  falling  the  rollers,  carrying  the  tree  whilst 
being  sawn,  thus  rendering  them  adjustable  to  any  in- 
equalities of  surface  in  the  timber,  and  making  breakage 
less  liable  when  sawing  crooked  and  uneven  logs.  An 
improved  method  of  cutting  scantlings  is  also  intro- 
duced, by  which  means  this  class  of  work  can  be  cut 
at  a  greatly  increased  speed.  The  connecting  rod  is 
arranged  to  take  hold  of  the  saw  frame  at  the  centre 
of  each  side,  instead  of  the  bottom,  as  hitherto.  By 
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this  plan  increased  strength  of  frame,  ease  in  work- 
ing, and  less  depth  of  fouudation  are  the  advantages 
claimed. 

In  the  recent  (1878)  International  Exhibition,  held 
at  Paris,  several  timber  aad  deal  frames  were  shown,  but 
none  containing  any  especially  novel  feature.  Messrs. 
Bollinder,  of  Stockholm,  exhibited  a  strong  roller-feed 
timber  frame.  The  botton  feed-rollers  were  constructed 
with  sharp  toothlike  projections ;  the  top  rollers  were 
plain.    The  teeth  of  the  saws  were  spaced  extremely 
coarse,  adapted,  we  presinie,  for  sawing  sappy  timber. 
In  the  Austrian  section  the  Ateliers  de  Construction 
of  Budapest  showed  a  powerful  timber  frame  fitted  with 
roller  feed,  which  was  acjustable  by  a  simple  rack  and 
pinion  arrangement.    Tie  feed  rollers  were  all  geared, 
and  the  swing  frame  wts  driven  by  double  connecting 
rods  placed  within  the  main  framing.    Several  frames 
were  shown  in  the  French,  section,  notably  by  F.  Arbey, 
of  Paris.    In  some  of  tham  the  swing  frame  was  fitted 
on  the  face  of  the  main  framing,  instead  of  in  the 
centre,  as  is  usual  in  ihis  country,  and  motion  was 
given  by  double  wooden  connecting  rods  and  fly  wheels 
placed  on  either  side  cf  the  uprights.    Inferior  and 
flimsy  castings  marred  in  a  great  measure,  however, 
their  general  appearance. 

Various  other  impro/ements  have  recently  been  in- 
troduced by  Messrs.  Meadows,  of  Heaton  Norris  ;  Kirt- 
land  and  Anderson,  of  Durdee ;  Worssam,  Johnson,  and 
Hewetson,  Haigh,  and  others,  but  our  space  prevents 
more  than  a  passing  noiice. 

Our  illustration  (fig  5)  represents  one  of  Messrs. 
Samuel  Worssam  and  Co.'s  combined  timber  and  deal 
frames,  specially  adapted  for  timber  of  moderate  di- 
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meiisions,  as  in  use  amongst   contractors,  builders, 
&c.;  and  it  must  be  considered  a  well-designed  and 
compact  machine,  the  framing  and  general  details 
being  correctly  apportioned  to  the  work  to  be  per- 
formed.    Its  action  is  easily  seen;  a  reciprocating 
motion  is  given  to  the  frame  carrying  the  saws  by  the 
crank  shaft  at  the  base  of  the  machine,  which  is  con- 
nected with  the  frame  by  side  rods  and  an  ordinary 
connecting  rod  and  cross-head ;  motion  is  given  to  this 
crank  shaft  by  a  belt  from  the  main  shaft.    The  timber 
is  advanced  to  the  saws  by  serrated  rollers,  actuated 
by  suitable  gearing  and  the  patent  silent  feed-wheel, 
to  whicli  we  have  before    referred.  Corresponding 
smooth-top  pressure   rollers,  acted  on   by  weighted 
levers,  serve  to  keep  the  timber  well  down  on  the 
bottom  or  feed  rollers.    The  machine  is  adapted  to  cut 
either  a  log  or  two  deals  at  one  time.    The  timber  is 
supported  and  guided  through  the  saws  by  carriages 
fitted  with  wrought-iron  adjustable  '  dogs.'    These  car- 
riages run  on  rails  fixed  on  the  mill  floor  at  back  and 
fi-ont  of  machine,  as  shown  in  engraving,  from  which 
it  will  be  seen  the  base  of  the  machine,  with  driving 
pulleys,  fly  wheel  for  counterbalancing  the  action  of 
saw  frame,  &c.,  are  placed  beneath  the  floor  line.  The 
saw  or  swing  frame  is  lightly  made  with  wrought-iron 
sides,  working  in  adjustable  V-shaped  gun-metal  or 
phosphor-bronze  bearings.    The  heads  against  which 
the  saws  are  keyed  are  of  Bessemer  steel.    The  deal- 
cutting  apparatus  is  of  simple  construction,  and  easily 
fixed  or  removed. 

There  are  a  considerable  number  of  modifications 
of  reciprocating  saw  frames  designed  and  specially 
adapted  for  particular  classes  of  work.    These  ma- 
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chines  differ  considerably  in  their  feeding  and  other 
details,  but  we  shall  be  unable  to  give  them  more  than  a 
passing  notice.  Tor  general  log-sawing,  where  the  timber 
is  tolerably  straight,  the  ordinary  vertical  saw-frame, 
fitted  with  a  roller  feed-motion,  is  the  best  type  to  be 
employed.    This  roller  feed  is  continuous,  and  allows 
the  logs  to  follow  each  other  through  the  saws  without 
stoppage.    Care  must  be  taken  that  the  timber  has  a 
good  bearing  on  the  feed  rollers,  the  straightest  side  of 
the  log  being  placed  on  them.    Some  makers,  in  addi- 
tion, so  arrange  that  the  rollers  can  be  raised  or  lowered 
by  the  sawyeis  in  charge,  and  adapt  themselves  to  any 
inequalities  in  the  log.   For  very  irregular  and  crooked 
timber,  frames  are  made  specially  strong  in  their  details, 
and  what  is  known  as  the  '  rack  feed '  is  usually  em- 
ployed, a  rack  actuated  by  a  pinion  being  the  method 
of  bringing  the  wood  up  to  the  saws.    The  rack  is 
bolted  to  the  under  side  of  the  travelling  carriage  on 
which  the  timber  is  placed.    This  carriage  is  usually 
made  of  cast  iron,  truly  planed,  and  running  over 
turned  rollers,  which  revolve  in  casfc-iron  brackets, 
fixed  to  the  floor  of  the  mill  at  either  end  of  the  frame. 
The  log  is  supported  in  front  and  behind  the  saws  by 
adjustable  friction  rollers,  arranged  to  rise  and  fall  and 
adapt  themselves  to  any  irregularities  of  the  timber. 
By  these  means  a  firm  bearing  is  obtained  as  the  saws 
enter  the  wood,  and  thus  the  vibration  and  thrust  of 
the  saw  frame  is  overcome.    The  ends  of  the  log  are 
held  by  cast-iron  carriages,  which  have  a  lateral  motion. 
They  are  also  fitted  with  adjustable  wrought-iron  jaws, 
which  are  opened  or  closed  at  pleasure  by  means  of 
screws.    The  log  is  kept  firmly  on  the  travelling  table, 
usually  by  weighted  pressure-levers,  which  can  be  easily 
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adjusted  by  the  sawyer  in  charge.  Saw  frames  for 
forest  use  are  made  so  as  to  be  semi-portable  or  porta- 
ble, the  latter  being  mounted  on  wheels ;  they  do  not 
as  a  rule,  however,  differ  essentially  from  those  just 
described,  except  that  the  main  standards  of  the  ma- 
chine should  be  bolted  to  a  massive  bed-plate,  which  dis- 
penses in  a  great  measure  with  other  foundations.  In 
regions  where  the  trees  to  be  sawn  are  sometimes 
covered  with  ice,  and  likely  to  slip,  it  is  necessary 
to  have  greater  feeding  power,  to  carry  them  safely 
through  the  saws.  This  can  be  secured  by  employing 
four  serrated  feed-rollers,  instead  of  two,  as  is  usually 
done.  These  rollers  all  gripping  the  wood  at  one  time, 
immense  extra  feeding  power  is  thus  gained ;  the  top 
pair  of  rollers  are  made  to  adjust  themselves  to  the 
varying  thickness  of  the  timber.  Frames  can  be  ar- 
ranged to  cut  two,  four,  or  more  logs  at  a  time,  if 
necessary. 

For  cutting  valuable  woods  into  thin  boards  for  use 
as  coach  panels,  pianoforte  tops,  &c.,  a  single-bladed 
frame,  driven  either  vertically  or  horizontally,  is  usually 
employed.  In  these  frames,  which  require  little  power, 
very  thin  saws  are  used,  to  prevent  unnecessary  waste  of 
wood.  They  are  usually  fitted  with  a  variable,  self- 
acting  rack-feed,  to  suit  hard  or  soft  woods,  and  the 
saws  are  arranged  to  cut  both  ways  of  the  traverse. 
The  advantage  of  these  frames  for  this  class  of  work  is, 
that  as  they  only  saw  one  board  off  at  a  time,  an  op- 
portunity is  given  to  examine  the  soundness  of  the  log 
as  cut,  which,  if  not  found  suitable,  can  be  put  aside 
and  otherwise  converted.  In  connection  with  single- 
bladed  saw  frames  a  patent  was  taken  out  a  few  years 
since  bj  Messrs.  Eobinson  and  Smith  for  an  improved 
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swivelling  and  butting  slide,  wliicli  enables  the  frame 
carrying  the  saw  to  be  driven  at  a  high  rate  of  speed, 
as,  no  matter  what  angle  the  connecting  rod  is  at, 
owing  to  the  swivelling  arrangement,  there  is  no  undue 
strain  on  the  saw  frame  or  bearings.    The  saw  em- 
ployed is  arranged  to  cut  both  ways  of  the  traverse. 
In  the  United  States,  what  is  known  as  a  '  Muley  saw ' 
is  in  use  for  making  single  cuts.   It  consists  of  a  single 
reciprocating  blade,  tapered  off"  somewhat  from  the 
points  of  the  teeth  to  the  base  of  the  saw.    It  is  of 
thicker  gauge  than  those  generally  in  use,  and  is 
strung  without  the  aid  of  a  swing  frame,  and  is  run  at 
a  much  higher  speed  than  the  ordinary  machines, 
generally  some  four  or  six  hundred  strokes  per  minute. 
In  many  of  the  American  and  French  frames  the  svring 
or  saw  frame  and  other  reciprocating  parts  are  made 
of  wood,  to  secure  lightness  as  far  as  possible,  and, 
contrary  to  English  practice,  the  fly  wheels  are  occa- 
sionally used  as  driving  pulleys.    In  American  deal 
frames  the  wood  is  usually  fed  by  four  plain  rollers 
driven  vertically,  one  pair  acting  as  a  fence  or  guide, 
the  other  pair  being  allowed  to  expand,  or  allow  for 
any  inequalities  in  the  timber,  by  means  of  a  spring, 
the  variations  in  speed  of  feed  being  secured  by  a 
grooved  wheel  and  paul,  a  ratchet  wheel,  or  cone  pulley 
and  rack  and  toothed  wheels.   In  addition  to  the  roller 
and  rack-feed  motions  for  saw  frames  which  we  have 
noticed  for  cutting  deals  at  a  rapid  rate,  what  is  known 
as  the  chain  feed  is  sometimes  employed.    This  con- 
sists of  one  or  more  endless  square-linked  chains, 
according  to  the  number  of  deals  to  be  sawn.  To 
these  chains  are  fitted  movable  ^  dogs,'  which  grip  the 
ends  of  the  deals.    The  continuous  forward  motion  to 
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the  chains  is  obtained  by  worm  and  worm-wheel  gear- 
ing, actuating  drums  toothed  to  correspond  with  the 
links  of  the  chains  and  gearing  into  same.  This,  for 
small-sized  frames  running  at  a  high  speed,  we  consider 
a  very  useful  form  of  feed.  Through  lack  of  power  or 
other  causes,  it  is  sometimes  necessary  to  drive  timber 
frames  independently  of  the  other  machinery  or  shafting. 
This  is  done  either  by  attaching  an  engine  directly  to 
the  crank  shaft  of  frame,  or  fixing  a  steam  cylinder  at 
top  or  base  of  same,  the  piston  rod  in  connection  with 
side  rods  being  coupled  directly  to  the  swing  frame. 
By  this  method  steam  can  be  brought  from  a  distance, 
or  a  small  additional  boiler  provided.  The  cylinder  is 
constructed  so  as  to  regulate  the  amount  of  steam  used 
in  proportion  to  the  work  in  hand.  The  general  details 
of  these  frames  are  usually  of  the  ordinary  type,  and 
the  whole  is  fixed  on  an  extra  large  and  heavy  bed- 
plate. 

When,  owing  to  water  or  other  causes,  it  is  impos- 
sible to  dig  far  beneath  the  surface  of  the  ground  to 
secure  the  necessary  firm  foundation,  frames  are  con- 
structed to  drive  by  a  belt  from  above,  the  crank  shaft, 
pulleys,  &c.,  being  placed  at  the  top  of  the  machine, 
instead  of  at  the  base.  In  these  cases,  in  addition  to 
a  moderate  foundation  near  the  level  of  mill  floor,  it  is 
generally  necessary  that  the  frame  should  be  firmly 
fixed  or  stayed  overhead  to  strong  cross-beams,  and,  if 
possible,  the  end  of  the  crank  shaft  supported  by  a 
strong  sole-plate  or  bracket,  built  into  the  side  wall. 
Where  saw  mills  are  of  light  construction,  the  frames 
are  made  self-contained — that  is,  the  crank  shaft  is 
fixed  overhead  on  a  strong  entablature,  bolted  to  top 
of  machine ;  this  entablature  is  usually  of  box  section ; 
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the  outer  end  of  crank  shaft  is  supported  bj  two  cast- 
iron  columns,  braced  together,  and  stayed  by  additional 
diagonal  stays  from  the  base  of  columns  to  the  top  of 
main  framing  of  the  machine.  Where  it  can  be 
avoided,  we  do  not  recommend  frames  driven  from 
above,  as,  amongst  other  drawbacks,  as  a  rule,  the 
vibration  is  found  to  be  excessive.  A  considerable 
number  are  made  counterbalanced  with  fly  wheels  at 
either  end  of  crank  shaft  and  the  driving  pulleys  in 
the  centre,  motion  being  given  to  swing  frame  by  two 
side  rods;  in  this  arrangement,  however,  provision 
should  be  made  to  fix  diagonal  stays,  if  found  neces- 
sary. Our  illustration  (fig.  6)  represents  one  of  Eraser's 
patent  equilibrium  deal  frames,  as  manufactured  by 
Messrs.  A.  Eansome  and  Co.,  London,  which  we  have 
before  referred  to. 

The  makers  claim  that,  running  at  full  speed,  these 
frames  will  do  double  as  much  work  in  a  given  time, 
and  of  equal  quality,  as  any  ordinary  deal  frame. 
Even  if  we  take  this  statement  cum  grano  salis,  they 
doubtless  possess  several  features  of  merit.  Two  addi- 
tional smooth  feeding  rollers  acting  on  the  side  of  the 
deal,  which  is  against  the  fence,  are  introduced ;  with 
this  additional  feeding  power  it  is  claimed  that  large 
flitches  of  hard  wood  can  be  fed  with  ease,  with  both 
swing  frames  full  of  saws.  It  will  also  be  seen  from 
the  illustration  that  the  two  swing  frames  will  form  a 
double-throw  crank,  so  arranged  that  when  by  the 
revolution  of  the  shaft  the  one  frame  is  carried  to  the 
end  of  its  upward  motion,  the  other  frame  is  carried  to 
the  end  of  its  downward  motion,  thus  counterbalancing 
the  thrusting  action  of  each  other.  These  two  frames, 
carrying  vertical  saws,  are  divided  by  a  fixed  partition 
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between  them ;  a  double  fence,  furnished  with  upper 
and  lower  friction-rollers,  extends  a  sufficient  distance 
on  either  side  of  the  central  partition  for  guiding  the 
deals  through  the  saws.  The  upper  friction-rollers  are 
arranged  so  as  to  act  as  guides  to  the  upper  parts  of 
deals  of  varying  depths  when  being  sawn,  the  other 
side  of  the  deals  being  acted  on  by  the  smooth  feed- 
rollers  ;  thus  the  inconvenience  arising  from  any  un- 
evenness  in  the  sides  of  the  deals  is  obviated.  A  frame 
adapted  to  cut  deals  up  to  W  x  3"  is  speeded  to  run  at 
the  very  high  rate  of  400  revolutions  per  minute.  To 
overcome  in  a  measure  this  speed,  in  addition  to  coun- 
terbalancing the  swing  frames,  they  are  made  specially 
light  of  wrought  iron  and  steel,  and  care  is  taken  in 
the  workmanship  of  the  general  details  to  ensure  ac- 
curacy. 
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CHAPTER  VII. 

TIMBER  AND  DEAL  FRAMES,  ETC.  Continued. 

Several  patents  have  recently  been  taken  out  for  im- 
provements in  reciprocating  saws,  amongst  which  may 
be  mentioned  one  by  Mr.  Edwin  Chabot,  of  Sonth 
^Norwood,  dated  1877,  who  claims  as  novel,  on  behalf 
of  Eerrando  Morel,  of  Barcelona,  an  arrangement  for 
sawing  timber  in  such  a  manner  that  four  thick  planks 
may  be  simultaneously  sawn  up  by  four  sets  of  saws 
carried  in  one  reciprocating  frame.  It  is  described  as 
follows  : — 'I  arrange  the  machine  in  such  manner  that 
in  place  of  the  reciprocating  frame  carrying  only  one 
set  of  saws  on  either  side  of  the  travelling  carriage,  I 
arrange  it  to  carry  two  sets  of  saws,  and  I  provide 
separate  guides  for  each  plank  of  timber,  to  be  held  up 
to  one  plank  on  each  side  of  the  carriage,  the  one  being 
pressed  towards  the  travelling  carriage,  and  the  other 
away  from  it,  up  to  their  respective  guides.  The  guides 
can  be  set  towards  or  away  from  their  respective  sets  of 
saws  without  stopping  the  machine.  The  machine,  as 
heretofore,  is  provided  with  a  main  driving- shaft,  having 
upon  it  a  crank  for  giving  motion  to  the  reciprocating 
saw-frame,  and  with  rollers  for  supporting  the  planks, 
and  with  a  slowly  moving  carriage,  actuated  by  a  rack 
and  pinion,  for  traversing  forward  the  planks  of  timber 
up  to  the  saws.    Provision  is  also  made  for  setting  the 
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saws  situated  at  one  side  of  the  traversing  carriage  to 
cut  up  a  single  plank  of  considerable  width,  whilst  at 
the  same  time  the  saws  on  the  opposite  side  are  set  to 
cut  up  two  planks.  The  saws,  as  heretofore,  are  set  to 
any  desired  distance  apart,  according  to  the  number  of 
pieces  into  which  it  is  desired  to  divide  the  planks.  By 
the  above  construction  of  machine,  four  different  kinds 
of  work  can  be  performed  simultaneously,  instead  of 
two,  as  heretofore.' 

Mr.  Samuel  Worssam  also  in  1876  secured  a  patent 
for  improvements  in  equilibrium  saw-frames.  These 
chiefly  consisted  in  using  two  separate  rack-feeds  placed 
side  by  side,  intermediate  of  the  two  saw  frames,  and 
placing  the  feed  wheels  both  on  the  same  side  of  the 
machine,  thereby  enabling  the  feed  of  each  deal  or 
plank  to  be  regulated  independently  of  the  other,  and 
enabling  a  single  attendant  to  attend  to  both  feed 
wheels  from  the  side  of  the  machine,  thus  doing  away 
with  the  expense  of  a  second  sawyer. 

Improvements  in  the  general  arrangements  of  the 
parts,  and  the  mode  of  operating  horizontal  reciprocat- 
ing saws  for  cutting  boards,  have  recently  (1879)  been 
patented  by  Mr.  Adam  Knox,  of  Glasgow,  by  which  he 
claims  a  greatly  increased  production  with  less  power. 
His  designs,  although  slightly  complex,  have  consider- 
able merit  in  arrangement ;  we  therefore  describe  them 
somewhat  at  length.    The  improvements  claimed  are 

as  follows  : — 

The  general  construction  or  arrangement  and  com- 
bination of  the  parts  of  wood-sawing  machines  or 
mechanism,  of  the  horizontal  reciprocating  class  with 
blade  or  band  saw  or  saws,  reciprocated  on  the  peri 
phery  of  segmental  levers  or  on  pulleys. 
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The  carrying  and  actuating  of  a  horizontal  recipro- 
cating blade  or  band  saw  or  saws  on  the  periphery  of 
reciprocated  segmental  levers  or  on  pulleys,  either 
having  an  edge-rocking  or  curvilinear  motion  given  to 
them  or  not,  as  desired,  for  the  cutting  of  wood  in 
horizontal  sawing  machines. 

The  carrying  of  the  reciprocating  segmental  levers 
or  pulleys  with  their  saw  or  saws  on  fixed  centres 
(either  with  or  without  antifriction  pulleys)  on  vertical 
slides  or  guide  frames,  to  give  the  different  thicknesses 
of  wood  to  be  cut  in  horizontal  sawing  machines. 

The  giving  of  the  edge-rocking  action  to  the  seg- 
mental levers  or  pulleys  carrying  and  actuating  hori- 
zontal reciprocating  saws  (in  wood-sawing  machines)  by 
radial  links,  cams,  or  angled  centres. 

According  to  one  modification  and  arrangement,  in 
coupling  the  horizontal  transverse  reciprocating  saw  by 
its  two  ends  direct,  by  buckles  or  other  suitable  coup- 
lings, to  two  broad,  thin  blades  of  steel  or  other  equi- 
valent elastic  or  flexible  bands,  so  mounted  on  as  to 
reciprocate  over  the  upper  periphery  of  two  large 
strong  but  slight  oscillating  pulleys,  or  it  might  be 
duplex  segmental  pulleys  oscillating  vertically  on  strong 
studs  projecting  from  the  face  of  two  slides  mounted 
and  worked  simultaneously  by  screw  spindles  on  strong 
vertical  planed  guide  frames,  with  long  bracketed  sole 
behind  on  each  side  of  the  ordinary  longitudinal  car- 
riage carrying  the  wood  to  be  cut,  and  traversed  on  the 
main  stationary  bed  frame,  which  may  rest  in  front  on 
the  strong  deep  traverse  frame,  secured  to  the  foundation 
below,  and  carried  or  branched  up  so  as  to  be  secured 
to  the  vertical  slide  guides  or  standards  on  each  side,  to 
stay  or  make  the  whole  securely  steady  and  rigid. 
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An  equivalent  broad  elastic  or  liexible  band  is  se- 
curely stretched  on  and  between  the  under  or  lower 
peripheries  of  the  pulley  or  segmental  levers,  one  or 
both  bands  being  fitted  with  tightening  screws  to  adjust 
and  put  the  proper  tension  on  the  saw  blade  and  band 
below,  to  make  the  strains  all  equal  and  self-contained 
within  the  rocking  frame,  the  carrying  centres  and  eyes 
of  the  rocking  pulley  and  segmental  levers  on  which  the 
strains  come  being  made  very  long  to  sustain  the  strains 
with  perfect  steadiness  and  little  tear  or  wear. 

The  two  slide  frames  carrying  the  axle  studs  of  the 
oscillating  pulleys  or  levers  are  bound  together  by  a 
strong  bow  frame  above,  with  room  for  the  log  or  wood 
to  be  cut  to  traverse  under  it,  and  brackets  project 
down  from  it  with  slotted  adjustable  guides  for  em- 
bracing and  steadying  the  saw  on  each  side  of  the  log 
or  wood  being  cut.  Thus  the  whole  frame  so  bound 
together  is  carried  and  simultaneously  raised  or  lowered 
by  the  vertical  screws  in  vertical  side  guide-standards 
coupled  by  a  transverse  shaft  and  bevel  wheels  at  the 
ends,  either  carried  in  bearings  on  the  frame  below,  or 
it  might  be  on  a  cross  beam  above,  so  as  to  set  the  saw 
to  the  proper  height  at  which  it  is  desired  to  make  the 
cut  into  the  wood,  to  give  the  required  thickness  of 
boards  down  from  the  top  surface,  which  is  usually  first 
dressed  off  or  formed  by  one  cut  of  the  saw  through  the 
log  or  wood  from  which  the  boards  are  to  be  cut,  and 
which  is  fixed  on  the  traversing  table  below  the  level  of 
the  saw  drafts  by  the  usual  gripping  side  '  dogs '  and 
tightening  screws  mounted  on  the  table,  which  is  tra- 
versed as  usual  by  plain-running,  edge-rimmed,  and 
flanged  wheels  or  side  guide-rollers  on  the  planed 
guides  of  the  fixed  bed  frame. 
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The  segmental  pulleys  and  saw  are  oscillated  or 
reciprocated  by  a  long  connecting  rod  attached  at  one 
end  to  a  lateral  or  crank  pin  on  one  of  the  lower  seg- 
ments, and  carried  across  the  machine  below  the  frame, 
with  the  other  end  connected  to  a  shifting  and  fixing 
crank  pin  in  an  overhung  disc  or  crank  on  the  belt- 
pulley  driving  shaft,  carried  longitudinally  in  bush 
bearings  either  on  the  lower  part  of  the  stationary 
guide  slide-frame  at  the  other  side  of  the  bed  plate  and 
machine,  or  on  the  raising  and  lowering  slides  thereof, 
so  as  to  rise  and  fall  with  the  saw  when  desired,  and 
fitted  with  compensating  belt  pulleys  for  taking  up  the 
slack  of  the  driving  belt  when  that  is  used  for  actuating 
the  first-motion  crank  shaft. 

The  table  carrying  the  log  or  wood  is  fed  forward  to 
the  saw  much  in  the  usual  manner  by  a  toothed  rack 
on  the  centre  of  its  under  side,  actuated  by  a  toothed 
pinion  on  the  inner  end  of  the  transverse  reversible 
driving  shaft,  actuated  at  a  slow  speed  to  traverse  the 
carriage  forwards  by  a  screw  wheel  on  its  outer  end  at 
the  driving-gear  side  of  the  machine,  turned  by  a  screw 
on  one  end  of  a  longitudinal  cone  pulley  feed-shaft, 
shifted  up  out  of  and  into  gear  by  the  raising  or  lower- 
ing of  the  screw  into  gear  with  the  screw  wheel,  but 
this  is  also  fitted  with  a  bevel  wheel,  and  pinion,  and 
hand  wheel  or  hand  crank-shaft  for  feeding  the  table 
backward  and  forward  by  hand. 

For  running  the  table  back  at  a  high  speed,  for 
making  a  fresh  cut  (or  it  might  be  forward  when  re- 
quired), an  extra  belt  pulley  feed-shaft  may  be  employed, 
with  two  loose  bevel  pinions  and  clutches  on  their  inner 
faces,  and  a  shifting  and  reversing  clutch  box  between 
them,  the  bevel  wheels  gearing  into  a  bevel  wheel  on 
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the  extreme  end  of  the  transverse  feed-motion  shaft  be- 
fore mentioned,  the  clutch  box  being  fitted  with  an 
engaging  and  disengaging  hand  lever,  so  as  to  either 
throw  this  high-speed  feed  motion  out  of  gear  or  into 
the  back  or  forward  gear,  as  desired. 

The  reciprocating  motion  given  to  the  saw  may 
either  be  that  of  a  sti'aight  line  in  the  cut,  or  otherwise 
it  may  have  a  curvilinear  motion,  preferably  entering  or 
cutting  into  the  wood  deeper  and  deeper  from  the  side 
the  saw  is  traversing  for  the  time  being,  making  the 
face  of  the  cut  of  a  convex  curve,  and  this  motion  may 
be  1  given  to  the  saw  either  by  radius  bars  or  cams 
attached  to  studs  or  centres  on  the  deep  eye  of  the 
segmental  pulleys  and  to  the  slide  plate,  so  set  as  to 
lengthen  on  the  in  stroke  of  the  saw,  and  shorten  on 
the  out  stroke  thereof,  and  thus  slide  the  pulleys  by 
their  eyes  to  and  fro  on  their  axles ;  or  otherwise  fixed 
or  movable  cams  might  be  fitted  on  the  fixed  or  movable 
axes  of  the  segmental  pulleys  for  the  said  purpose  of 
giving  this  curvilineal  motion  to  the  saw. 

When  it  is  desired  to  give  the  saw  a  long  recipro- 
cating stroke  with  a  short  crank  or  reciprocating  motion 
of  the  connecting  rod,  the  lower  segments  of  the  saw 
pulleys  (to  which  the  connecting  rod  is  coupled),  instead 
of  being  of  equal  radius,  may  be  of  less  radius  than 
the  upper  to  which  the  saw  is  connected ;  and  in  addi- 
tion to  (or  instead  of)  the  flexible  or  other  band  con- 
nected to  the  lower  segments  on  opposite  sides  of  the 
machine,  a  connecting  rod  may  be  attached  to  these  by 
lateral  studs  in  them  on  the  opposite  side  to  that  on 
which  the  actuating  connecting  rod  works. 

Although  only  one  saw  has  been  described  as  fitted 
on  the  upper  segments  or  arms  of  the  reciprocating 
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pulleys,  it  will  be  understood  that  two,  three,  or  more 
may  be  so  fitted,  each  stepped  and  coupled  below  the 
other  on  segments  or  pulleys  of  a  less  radius  than  the 
first,  corresponding  to  the  different  thicknesses  of  the 
boards  to  be  cut. 

The  pulleys  or  segmental  levers  carrying  the  saws, 
when  made  in  the  form  of  segments  or  sectors,  might 
be  made  of  solid  edge  wood,  or  built,  or  of  radial  arms 
and  side  stays  or  tie  bars  of  light  malleable  iron,  to 
give  great  strength  with  lightness. 

The  connecting  rod  also  might  be  made  of  wood  or 
light  side  wrought-iron  bars  for  the  like  purpose,  and 
the  crank  disc  would  have  a  counterbalancing  segmental 
block,  or  a  box  formed  on  it  for  having  lead  filled  into 
it  to  balance  the  weight  of  the  connecting  rod. 

In  designing  timber  and  deal  frames,  care  should  be 
taken  that  the  main  framing  of  the  machine  should  be 
suflBiciently  strong  to  withstand  the  heavy  strain  neces- 
sarily put  on  it  when  running  with  a  large  number  of 
saws,  especially  when  sawing  hard  or  frozen  wood.  For 
many  years  these  main  framings  were  constructed  of 
wood,  the  uprights  being  fastened  to  the  cross-beams  of 
the  saw  mill  itself.  A  considerable  number  of  these 
wooden-framed  machines  are  now  in  use  in  the  United 
States  and  Canada,  and  do  a  large  amount  of  work.  In 
small-sized  frames  for  cutting  deals,  &c.,  the  standards 
and  top  and  foundation  plates  are  now  often  made  in 
one  casting.  This  certainly  secures  great  strength  and 
compactness,  but  they  are  hardly  so  handy  for  repairs, 
and  are  more  difficult  to  manipulate,  in  the  first  instance, 
when  on  the  planing  machine.  In  all  reciprocating 
machines,  the  working  parts  should  be  constructed  t(. 
combine  strength  with  lightness  in  the  greatest  possible 
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degree.  In  the  working  or  swing  frame  which  carries 
the  saws,  this  is  of  the  greatest  importance.  Tt  is 
found  that  steel  of  hollow  section  is  the  most  suitable 
material  to  employ,  as  it  is  capable  of  withstanding 
with  ease  the  immense  strain  that  is  put  on  the  swing 
frame  when  working  a  large  number  of  saws  in  hard  or 
wet  wood.  This  strain  is  very  great,  amounting  to  at 
least  five  or  six  tons  per  saw.  The  total  compressive 
strain  that  the  swing  frame  has  to  bear  should  there- 
fore be  calculated  by  the  maximum  number  of  saws  it 
is  proposed  to  work,  allowing  a  considerable  margin  for 
contingencies,  as  it  is  found  when  a  large  number  of 
saws  are  used,  and  the  strain  is  thus  multiplied  many 
times  over,  that  unless  the  steel  is  of  ample  section,  the 
cross  rails  will  spring  considerably. 

As  regards  the  crank  shaft — which  should  be  made 
of  good  wrought  iron,  and  free  from  seams — the  best 
form  to  use  for  general  purposes  is  the  double  or  bell 
crank,  with  a  bearing  placed  well  up  to  the  crank  on 
either  side,  and  a  third  bearing  on  the  outer  side  of  the 
driving  pulleys.  By  this  arrangement  frames  are  found 
to  be  much  steadier  in  work.  Cranks  bent  by  hydraulic 
pressure  have  lately  come  considerably  into  use,  and 
when  manufactured  in  this  manner  they  possess  several 
features  which  render  them  considerably  stronger  than 
the  ordinary  '  block  '  crank.  The  gradual  pressure  of 
the  hydraulic  press  as  it  forms  the  throw  of  the  crank 
forces  the  ends  of  the  shaft  inwards,  and  the  fibre  of 
the  iron  is  not  strained  or  broken,  and  it  runs  com- 
pletely round  the  throw,  thus  rendering  it  equal  in 
strength  to  the  other  parts  of  the  shaft.  In  the  ordi- 
nary block  crank  the  fibre  of  the  iron  runs  across  the 
web,  and  is  much  weakened  and  damaged  when  the 
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throw  of  the  crank  is  cut  out,  and  a  fracture  is  very 
generally  found  to  take  place  in  this  web.  The  con- 
necting rod  should  be  arranged  to  take  hold  of  the 
saw  frames  by  means  of  rods  on  either  side  at  about 
the  centre  of  same,  as  strength  and  ease  in  working 
are  gained,  and  less  depth  of  foundation  is  requisite. 
As  regards  the  feeding  arrangements,  they  must  of 
course  be  adapted  to  circumstances.  Top  pressure- 
rollers  for  deal  or  flitch  cutting  should  work  independ- 
ently of  one  another,  so  that  two  pieces  of  unequal 
depth  can  be  sawn  at  the  same  time.  The  bearings  in 
which  the  swing  frame  works  should  be  adjustable, 
and  by  preference  made  of  phosphor  bronze.  A  very 
good  plan  is  to  have  an  opening  in  either  side  of  the 
uprights,  and  the  bearings  fixed  nearly  flush  with  the 
outside  of  the  frame  ;  they  are  thus  easily  got  at  for 
repairs,  lubrication,  &c.  When  frames  are  run  at  high 
speeds,  the  connecting-rod  bearings  should  be  of  phos- 
phor bronze,  and  especial  care  should  be  taken  as  to 
their  lubrication,  as  the  friction  is  very  considerable. 
The  cross  heads  should  be  forged  in  the  solid,  of  best 
fagoted  scrap-iron.  We  purpose  noticing  the  buckling, 
sharpening,  and  setting  the  saws  elsewhere. 

The  illustration,  fig.  7,  represents  a  double  hori- 
zontal saw  frame  from  the  designs  of  Messrs.  Thomas 
Robinson  &  Sons.  This  form  of  frame  is  especially 
adapted  for  converting  valuable  woods  into  boards, 
panels,  &c.  In  this  machine  two  saws  are  employed 
instead  of  one,  and  the  saw  frames  work  on  separate 
slides  carried  on  an  adjustable  cross-rail,  which  can  be 
raised  or  lowered  on  the  two  main  vertical  pillar  stan- 
dards of  the  machine.  One  of  the  saw  frames  is 
arrano-ed  to  rise  and  fall  on  the  vertical  slides  on  the 


FIG.  7.  — PATENT  DOUBLE  HORIZONTAL  SAW  FRAME,  PILLAR  PATTERN. 
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cross-rail,  so  that  the  depth  of  cut  of  each  saw  can  be 
adjusted  independently.  The  saw  frames  and  working 
parts  are  balanced  in  equilibrium,  and  can  be  driven  at 
a  high  speed  without  excessive  vibration.  The  working 
frames  are  driven  by  light  steel  tubular  connecting-rods 
from  a  double  throw  crank  with  opposite  centres.  The 
machine  is  practically  self-contained,  and  requires  little 
foundation. 
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CHAPTEE  YIII. 

PLANING  AND  MOULDING  MACHINES. 

After  tlie  timber  lias  been  converted  by  means  of  cir- 
cular or  straight  saws  from  the  forest  tree  into  deals 
or  boards,  the  internal  economy  of  a  saw  mill  is,  or 
should  be,  so  arranged  that  they  naturally  pass  on  to 
the  planing,  moulding,  and  other  machines,  for  rapid 
conversion  into  articles  of  daily  commerce.  Planing 
and  moulding  machines  must,  after  saws,  be  con- 
sidered the  most  important  of  wood-working  machines  ; 
and  as  their  action  and  manipulation  are  very  similar, 
and  are  oftentimes  combined  in  one  machine,  we  pur- 
pose taking  them  together.  Before  proceeding  to 
machines  driven  by  steam,  it  may  be  of  some  interest 
to  notice  briefly  a  few  of  the  different  kinds  of  plane 
irons  worked  by  hand,  as  it  will  enable  us  to  judge 
better  of  the  principles  involved  and  the  work  required 
to  be  done  by  a  planing  machine.  A  plane  may  be 
briefly  described  as  a  tool  used  by  those  who  work  in 
wood  to  produce  straight,  flat,  and  even  surfaces  in  that 
material.  Its  construction  and  action  are,  however, 
too  well  known  to  need  description  here.  There  are  a 
considerable  number  of  planes,  which  are  known  by 
different  names,  according  to  their  size  and  the  pur- 
poses to  which  they  are  applied.    Those  chiefly  in  use 
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are  the  jack  plane,  trying  plane,  shooting  plane,  long 
plane,  and  smoothing  plane.  These  are  usually  called 
bench  planes.  There  are  also  rebating  planes  for  form- 
ing rebates,  the  straight  block  for  straightening  edges, 
sash  planes,  grooving  planes,  &c. ;  also  many  other 
tools,  usually  called  moulding  planes  or  irons.  These 
are  capable  of  producing  at  a  slow  rate  a  great  variety 
of  ornamental  mouldings;  beads,  hollows,  rounds, 
ogees,  and  ovolos  are  those  most  generally  worked  by 
hand,  where  small  quantities  and  very  simple  orna- 
mentation is  necessary ;  but  at  the  best  hand  mould- 
ing is  a  very  tedious  and  costly  process,  especially  when 
we  consider  that  a  moulding  that  would  take  a  com- 
petent workman  some  hours  to  produce  can  be  completed 
on  a  good  machine  in  less  than  one,  minute. 

Planes  are  necessary  for  the  manipulation  of  almost 
all  kinds  of  work  in  wood,  and  those  intending  using 
them,  either  for  business  or  pleasure,  should  first  of  all 
understand  their  construction,  and  how  they  can  be 
best  applied  ;  we  cannot,  however,  here  give  them  more 
than  a  brief  comment.  The  jack  plane  is  used  for 
taking  off  the  rough  and  prominent  parts  from  the 
surface  of  the  wood  in  coarse  shavings ;  the  plane  iron 
is  fixed  in  the  stock  so  as  to  make  an  angle  of  45 
degrees  with  the  face  of  the  plane.  All  other  planes 
are  more  or  less  similar  to  the  jack  plane,  differing  only 
in  dimensions  and  smaller  details.  The  trying  plane  is 
longer  than  the  jack  plane;  it  is  fitted  with  two 
handles,  and  the  iron  is  set  '  finer,'  thus  cutting  a 
thinner  shaving.  The  mouth  of  the  plane  is  also  much 
narrower.  The  shooting  plane  is  the  longest  and  most 
correct  plane  used,  and  is  employed  after  all  the  others, 
chiefly  in  shooting  the  edges  of  boards  that  have  to  be 
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joined  together.  Tke  work  of  these  and  all  other 
planes,  owing  to  their  slow  production  and  necessary 
costliness,  it  has  been  found  necessary  to  supersede  as 
much  as  possible,  and  the  result  is  that  numerous 
machines  driven  by  steam  power,  and  adapted  for  all 
classes  of  work,  have  almost  entirely  taken  the  place  of 
hand  labour ;  therefore,  where  considerable  quantities  of 
one  particular  article  or  pattern  are  required,  and  even 
when  very  small  quantities  are  used,  it  is  found  much 
cheaper  to  purchase  from  a  manufacturer  than  to  work 
them  by  hand.  This  can  be  easily  understood,  when 
we  consider  that  the  cutting  action  of  a  carpenter's 
plane  can  be  estimated  to  travel,  say,  at  some  75  feet 
per  minute,  whilst  the  cutting  edge  of  the  irons  of  a 
planing  machine  travels  some  4,000  feet  in  the  same 
time.  The  principles  involved  in  the  two  operations, 
however,  differ  essentially.  In  the  case  of  the  car- 
penter's plane,  pushed  forward  by  hand,  a  recipro- 
cating motion  is  obtained,  whilst  machine  cutters,  as 
a  rule,  have  a  revolving  or  rotary  motion ;  some,  how- 
ever, are  constructed,  for  special  purposes,  with  fixed 
cutters,  the  action  of  which  resembles  the  hand 
plane  reversed,  the  wood  moving  instead  of  the  plane 
iron. 

The  first  reliable  record  we  have  of  an  attempt  to 
supersede  hand  planing  by  machinery  is  contained  in 
the  patent  of  Hatton,  dated  1776  ;  but  this  seems  to 
have  been  only  a  series  of  crude  mechanical  ideas, 
which  were  never  acted  on  or  carried  into  any  practical 
effect.  In  fact,  the  idea  or  invention  can  hardly  be 
dignified  by  the  term  '  machinery.'  As  Eees  says  in  his 
Encyclopsedia,  we  take  it  that  machinery,  or  mechanical 
means  to  dispense  with  or  modify  the  use  of  hand 
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labour,  must  fulfil  at  least  one  of  the  following  con- 
ditions :  viz.  'that  it  increases  the  effect  of  a  given 
finite  power,  so  as  to  overcome  a  resistance  that  is 
greater,  and  would  otherwise  remain  ,  unchanged ;  to 
accommodate  the  direction  of  the  moving  force  to  that 
of  the  resistance  to  be  overcome  ;  and  to  regulate  and 
modify  a  variable  force,  so  as  to  produce  a  constant 
and  uniform  effect ' — these  are  the  principal  ends  to  be 
accomplished  by  machinery.  If  this  was  more  fully 
borne  in  mind  by  patentees  of  the  present  day,  some 
thousands  of  the  so-called  inventions  would  never  have 
been  perpetrated. 

Sir  Samuel  Bentham,  in  1791,  patented  a  planing 
machine,  but,  notwithstanding  the  ingenuity  of  the 
inventor,  it  did  not  come  into  general  use ;  it  was,  in 
the  first  place,  intended  to  be  worked  by  hand  power. 
The  principal  object  claimed  by  the  patent  was  the 
adjusting  of  the  plane  or  cutting  iron,  so  that  it  could 
not  but  perform  the  operation  intended,  without  re- 
quiring any  skill  of  the  workman,  thereby  rendering  a 
common  labourer  as  serviceable  as  the  best  joiner  for 
this  purpose.  With  this  view,  the  plane  iron  was 
made  the  full  width  of  the  board,  and  on  each  side  of 
it  were  fixed  fillets,  which  projected  below  the  face  of 
the  plane  just  as  much  as  it  was  intended  to  reduce 
the  board  in  thickness,  serving  also  to  guide  the  iron 
sideways  and  to  gauge  the  thickness. 

The  plane  was  kept  down  by  its  own  or  additional 
weights,  when  necessary,  which  latter  were  so  contrived 
as  to  be  capable  of  having  their  position  shifted  during 
the  time  the  plane  was  making  the  stroke,  the  pressure 
at  first  acting  forwards,  and  lastly  on  the  hinder  part, 
to  prevent  the  fore  end  dipping  down  the  instant  it 
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leaves  the  board.  Bj  another  contrivance,  the  plane  was 
lifted  up  on  its  return,  so  as  to  clear  the  cutting  edge 
from  the  wood.  This  was  effected  by  a  piece  of  wood, 
which  acted  as  a  handle  to  the  plane,  and  to  which  the 
power  was  applied.  It  was  placed,  with  this  view, 
apon  an  axle  extending  across  the  width  of  the  plane, 
and  carrying  on  each  side  a  short  lever,  provided  with 
rollers  at  their  extremities.  The  handle  projected  up- 
wards from  the  plane,  which,  being  forced  forward  by 
it,  assumed  an  inclined  position,  as  also  did  the  short 
levers,  so  that  their  rollers  then  rose  above  the  cheeks 
of  the  plane  ;  but  when  the  latter  was  drawn  back  into 
an  erect  position,  the  levers  moving  with  it,  their 
rollers  projected  beneath  the  cheeks  of  the  plane,  and 
raised  it  off  the  bench,  the  plane  being  supported  by 
them  on  its  return. 

In  cases  where  the  boards  to  be  planed  were  winding 
and  irregular,  '  dogs '  furnished  with  teeth  gripped  the 
board  on  either  edge  and  held  it  firmly  between  them. 
These  '  dogs '  were  arranged  to  rise  and  fall,  to  suit 
different  thicknesses  of  boards.  "Where  very  thin 
boards,  which  were  liable  to  spring,  had  to  be  planed, 
rollers  loaded  by  levers  and  weights  were  used,  as  they 
are  even  at  the  present  day.  Arrangements  were  also 
made  for  planing  feather-edged  boards.  The  above 
machine  had  a  reciprocating  motion,  which  was  secured 
by  a  crank  and  wheel,  turned  by  manual  labour ;  the 
plane  iron  moved  over  the  wood,  and  the  motion  gene- 
rally was  intended  to  be  an  imitation  of  the  carpenter's 
plane,  as  worked  by  hand.  It  was  not,  however,  a 
success.  It  might  have  been  put  in  motion  by  water  or 
other  power,  but  we  believe  it  was  never  worked  use- 
fully ;  as  an  early  attempt,  however,  to  overcome  the 
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labour  of  hand  planing  by  mechanical  means  we  think 
it  deserving  of  notice. 

In  the  patent  taken  out  by  Sir  Samuel  Bentham  in 
1793,  in  addition  to  numerous  other  ideas,  he  claims 
the  invention  and  application  of  an  improved  rotary 
planing  and  moulding  machine. 

The  chief  inventions  relating  to  planing  and  mould- 
ing machines  claimed  by  Sir  Samuel  Bentham  in  his 
patent  of  1798,  before  referred  to,  are  as  follows 
A  cutter  '  block '  or  roller,  in  which  planing  or  mould- 
ing irons  can  be  fixed,  with  arrangements  to  rise  and 
fall  same  to  suit  varying  thicknesses  of  wood.  He  also 
says  to  gain  time  cutters  may  be  applied  to  different 
sides  of  a  piece  at  once,  and  such  of  them  as  make 
parallel  cuts  may  be  mounted  on  the  same  spindle. 
In  the  fifth  section  of  the  specification  relating  to 
rotary  tools  for  wood-cutting  he  claims  '  The  idea  of 
adapting  the  rotative  motion  of  a  tool  with  more  or 
less  advantage,  to  give  to  all  sorts  of  substances  any 
shape  that  may  be  required,  is  my  own,  and,  as  I  believe, 
entirely  new.' 

In  reference  to  mouldings  he  says,  '  If  the  circum- 
ference of  a  circular  cutter  be  formed  in  the  shape  of 
any  moulding,  and  projected  above  the  bench  no  more 
than  is  necessary,  the  piece,  being  shoved  over  the 
cutter,  will  thus  be  cut  to  a  moulding  corresponding  to 
the  cutter  that  is  the  reverse  of  it,  just  as  a  plane  iron 
cuts  the  reverse.'  In  addition  to  numerous  other  in- 
ventions and  improvements  relating  to  all  kinds  of 
operations  for  working  wood,  Bentham  in  this  patent 
describes  the  process  of  preparing  dovetail  joints  with 
conical  cutters,  a  plan  which  is  still  in  use.  The  more 
you  peruse  this  extraordinary  specification,  the  more 
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wonderful  it  appears  tliat  the  inventive  genius  of  tlie 
man  could  grasp  and  set  forth,  so  tersely  so  many 
original  ideas  at  the  same  time — enough,  in  fact,  to 
make  twenty  patents  of  the  present  day.  Certainly 
Bentham  may  be  said  to  have  originated  a  very  large 
share  of  the  principles  connected  with  wood-working 
machinery  now  in  operation. 

The  next  great  improvement  in  planing  machines 
was  made  by  Mr.  J.  Bramah,  of  London,  who  took  out 
a  patent  in  1802  for  machinery,  for  the  purpose  of  pro- 
ducing straight,  smooth,  parallel  surfaces  and  curvi- 
linear surfaces,  on  wood  and  other  materials,  in  a 
manner  much  more  expeditious  than  can  be  performed 
by  the  use  of  axes,  saws,  planes,  and  other  cutting 
instruments  used  by  hand.  This  specification  is  very 
voluminous.  The  chief  points  that  seem  to  have  been 
claimed  are  that  the  wood  to  be  planed  is  made  to  move 
in  contact  with  the  plane  iron,  instead  of  the  plane 
iron  being  carried  over  the  work  by  hand,  in  the  usual 
way ;  that  the  cutting  tool  be  made  to  travel  across 
the  work  in  a  square  or  oblique  direction,  except  where 
the  use  of  a  fixed  iron  is  necessary.  He  claimed  also 
the  application  of  roughing  out  and  finishing  irons  fixed 
in  movable  frames,  with  screw  adjustments  to  suit 
thickness  of  timber.  These  irons  were  arranged  so  as 
to  work  at  variable  speeds,  according  to  the  material 
being  operated  on. 

Acting  on  and  improving  these  ideas,  Bramah 
erected  for  the  Government  at  the  Royal  Arsenal, 
Woolwich,  a  heavy  rotary  planing  machine,  which 
contained  several  very  novel  features,  chief  amongst 
which  was  the  arrangement  of  a  hydraulic  or  hydro- 
static press,  to  work  the  movable  carriages  on  which 
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the  wood  intended  to  be  planed  was  supported.  Its 
operation  may  be  described  as  follows : — The  machine 
was  fixed  on  a  solid  bed  of  brick  or  stone  work,  rising- 
about  one  foot  above  the  floor  line.  Iron  slides  the 
whole  length  of  the  machine  (some  40  feet)  were  fixed 
on  these  foundations  ;  these  slides  were  made  to  incline 
some  half-inch  from  the  horizontal  line  towards  the 
one  end  of  the  machine ;  at  this  end,  beneath  the 
machine,  was  fixed  the  cylinder  of  an  hydraulic  or 
hydrostatic  press,  having  two  entrance  pipes,  one  at 
each  extremity.  The  piston  rod  of  this  press  was 
furnished  with  a  rack,  which  worked  a  pinion  under 
and  attached  to  a  wheel.  Eound  this  and  three  smaller 
wheels  passed  an  endless  chain,  which  was  regulated 
and  kept, to  its  work  by  means  of  an  adjusting  screw. 
A  chamber  containing  the  condensed  or  compressed 
water  was  fixed  near,  and  the  water  was  conveyed  by 
pipes  to  valves  or  cocks,  which  were  so  arranged  that 
the  water  entered  one  end  of  the  cylinder,  and  urged 
the  piston  forward,  and  the  rack  working  on  the  pinion 
under  the  wheel  gave  motion  to  the  chain,  and  the 
travelling  carriages  which  supported  the  wood  to  be 
planed  attached  to  it.  The  wa,ter  was  then  stopped, 
and  permitted  to  enter  the  cylinder  at  the  opposite  end, 
thus  forcing  the  piston  and  carriage  back  to  its  original 
position,  the  waste  water  in  the  meantime  being  allowed 
to  escape ;  this  gave  a  reciprocating  motion,  similar  to 
that  of  the  piston  of  a  steam  engine.  The  travelling 
carriages,  being  attached  to  the  chain  one  at  a  time,  were 
thus  hauled  backwards  and  forwards  under  the  rotary 
jjlaning  disc.  This  planing  disc  was  fixed  at  the  end  of 
a  strong  vertical  spindle,  which  in  its  circumference  was 
pierced  with  thirty  holes,  in  which  were  fixed  twenty-eight 
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gouges  or  cutters  and  two  plane  irons.  The  disc  was 
kept  in  a  horizontal  position  by  diagonal  braces,  and 
was  made  to  rotate  at  the  rate  of  about  90  revolutions 
per  minute,  by  means  of  bevel  gearing,  which  was  set 
in  motion  by  a  steam  engine.  Thus  the  general  action 
of  the  machine  is  pretty  clear,  as  while  the  carriages 
holding  the  wood  passed  from  one  end  of  the  two  slides  to 
the  other  by  the  action  of  the  hydraulic  press,  as  ex- 
plained above,  the  planing  disc  was  put  in  rotation, 
and  so  adjusted  that  the  gouges  and  plane  irons  caught 
the  surface  of  the  wood  as  it  passed  under  it.  These 
gouges  were  arranged  at  different  distances  from  the 
centre  of  the  disc,  and  took  the  rough  surface  from  the 
wood,  and  were  followed  by  the  two  planing  or  finishing 
irons,  which  rendered  the  surface  plane  and  smooth. 
The  planing  disc  was  sustained  and  adjusted  to  suit 
different  thicknesses  of  wood,  by  means  of  hydraulic 
pressure  immediately  under  the  control  of  the  work- 
man. 

The  action  of  the  above  machine  would  doubtless, 
in  the  present  day,  be  considered  very  cumbersome, 
but  as  an  early  attempt  to  supersede  hand  labour  by 
mechanical  means,  and  considering  the  resources  at 
the  command  of  the  engineer,  it  must  be  conceded 
that  the  inventive  genius  of  its  designer  was  of  the 
highest  order. 

In  1803  a  Mr.  Bevans  obtained  a  patent  for  a 
machine  for  cutting  or  '  sticking '  mouldings,  making 
rebates,  grooves,  and  planing  flat  surfaces  of  small 
width.  This,  like  Bentham's  first  patent,  was  an  imi- 
tation of  the  action  of  hand  labour  in  planing.  A 
number  of  moulding  irons  were  fixed,  either  singly  or 


PLANING  AND  MOULDING  MACHINES.  77 


side  by  side,  according  to  the  work  to  be  performed. 
In  a  frame  or  box  these  irons  were  arranged  so  as  to 
form  the  mouldings  required.  The  wood  was  fixed  on 
a  bench,  and  the  box  of  irons  made  to  pass  over  it 
lengthways  by  a  connecting  rod,  communicating  with 
machinery  capable  of  giving  a  reciprocating  motion. 
The  crank  which  gave  the  reciprocating  motion  was 
arranged  to  vary  the  length  of  its  stroke  according  to 
the  work  required  to  be  done.  This  was  done  by  making 
the  arm  of  the  crank  to  pass  through  a  mortise  in  a 
strong  box  fixed  on  an  axis,  and  allowing  it  to  slide  in 
the  said  box.  Set  screws  were  used  to  fix  the  length  of 
the  stroke  as  wished. 

The  irons  were  loaded  to  keep  them  in  contact  with 
their  work  by  a  long  beam  of  wood,  set  up  on  end  upon 
the  sides  of  the  box,  and  connected  therewith  by  being 
divided  into  two  cheeks,  which  at  the  lower  sides  were 
formed  to  an  arc  of  a  circle,  and  united  to  the  box  by 
chains,  in  the  same  manner  as  the  beams  of  beam 
engines  are  connected  with  their  piston  rods.  The 
upper  part  of  the  beam  was  made  to  pass  always 
through  one  point  by  sliding  between  friction  wheels, 
or  otherwise  in  a  tube  hung  on  two  pivots  perpendicu- 
larly over  the  centre  of  the  work,  and  at  such  height 
as  might  be  most  convenient  for  the  length  of  the 
stroke  required. 

The  connecting  rod  from  the  crank  before  men- 
tioned was  jointed  to  the  upright  beam,  near  its  lower 
end,  and  by  this  means  the  motion  was  given  to  the 
box  of  irons,  the  chains  and  arches  at  the  bottom 
allowing  it  in  all  positions  to  preserve  the  plane  hori- 
zontal.   To  guide  the  box  of  plane  irons  in  a  recti- 
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linear  motion,  and  also  to  bear  them  off  when  they  had 
been  reduced  to  the  depth  required,  fences  were  used, 
which  were  irons  sliding  perpendicularly  in  tubes  or 
sockets  in  the  box  or  frame,  and  clipping  a  tongue  or 
guide  fixed  in  the  direction  of  the  required  stroke  in 
the  frame  supporting  the  bench. 
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CHAPTER  IX. 

PLANING  AND  MOULDING  MACHINES  Continued. 

Following  Bramah's  patent,  several  improvements 
were  introduced  bj  Burnett,  Paxton,  Poyer,  and  others  ; 
but  it  was  not  till  tbe  year  1827  that  planing  machines 
were  brought  into  extended  practical  use  in  this 
country.  In  this  year  Mr.  Malcolm  Mair,  of  Glasgow, 
invented  and  patented  a  machine  of  most  improved 
construction.  Its  mechanism  contained  many  of  the 
most  essential  points  as  in  use  in  planing  machines  of 
the  present  day ;  in  fact,  succeeding  makers,  although 
introducing  modifications  of  their  own,  seem  to  have 
entirely  accepted  it  as  their  model.  As  its  invention  is 
of  great  interest  to  engineers,  and  marks  an  era  in 
wood-working  machinery,  we  give  an  illustration  of 
Muir's  first  machine,  with  a  description  of  it  as  given 
by  Hebert. 

*  This  machine,  invented  by  Mr.  Muir,  of  Glasgow, 
has  for  its  object  the  preparation  of  complete  flooring 
boards  with  extraordinary  despatch,  and  in  the  most 
perfect  manner;  the  several  operations  of  sawing, 
planing,  grooving,  and  tongueing  being  all  carried  on 
at  the  same  instant,  by  a  series  of  saws,  planes,  and 
revolving  chisels. 

'  Pig.  8  represents  a  plan  of  the  machine,  slightly 
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modified,  to  render  the  construction  more  easily  un- 
derstood by  the  reader.  The  machinery  is  adapted 
for  the  simple  planing  of  boards,  as  well  as  the  pre- 
paration of  square-jointed  or  plain-jointed  flooring. 
We  shall  commence  our  description  by  an  account 
of  those  parts  which  constitute  a  simple  planing 
machine,  and  then  proceed  to  describe  the  apparatus 
by  which  it  is  adapted  to  the  preparation  of  jointed 
flooring.  The  planing  machine  consists  of  a  perfectly 
flat  and  straight  bench  d  dd,  which  should  be  at  least 
twice  as  long  as  any  board  intended  to  be  prepared 
upon  it.  This  bench  is  made  fast  to  a  block  of  stone 
c  c  or  other  solid  matter,  which,  together  with  a  suitable 
framing,  serves  to  keep  the  machinery  as  firm  and 
steady  as  possible.  Along  one  side  of  this  bench  is  a 
raised  guide  e  e,  which  extends  as  far  as  the  circular 
saws  i,  i  ;  but  only  a  part  of  it  is  shown  in  the  figure, 
in  order  to  bring  some  other  arrangements  more  into 
view.  About  the  middle  of  the  bench  a  metallic  plate 
a,  a  is  let  in  flush  with  its  surface,  which  forms  a 
durable  stock  for  the  plane  irons  ;  these  plane  irons  are 
of  the  usual  form,  but  of  greater  breadth  than  the 
boards  to  be  planed.  The  projection  of  their  cutting 
edge  is  effected  and  regulated  by  screws,  and  the  num- 
ber of  plane  irons  employed  at  a  time  is  determined  by 
the  degree  of  finish  required  for  the  surface  of  the  boards ; 
three  plane  irons  are,  however,  generally  used,  as  shown 
at  h,  h,  h,  the  dark  spaces  being  the  mouths  of  the  planes ; 
from  this  it  will  be  seen  that  it  is  the  lower  side  of  the 
board  that  is  planed,  and  the  shavings  are  delivered 
under  the  machine.  An  endless  pitched  chain,  having 
catch  hooks  at  convenient  distances,  takes  hold  of  the 
boards  as  they  are  put  into  the  machine  in  succession, 
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and  drags  them  along  the  bench ;  the  edge  of  one  of 
the  sides  of  each  board  passing  under  a  rebate  in  the 


FIG,  8. — PLANING  MACHINE  PATENTED  BY  MUIR,  A.D.  1827. 

guide  or  fence  (as  shown  in  the  figure)  prevents  the 
board  from  bending  upwards  by  the  action  of  the  chain, 
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while  it  is  pressed  down  to  the  plane  irons  by  springs 
or  weighted  levers,  as  seen  at  h,  h,  which  are  mounted 
upon  antifriction  rollers,  the  axles  of  which  are  so  in- 
clined as  to  cause  the  boards  to  be  uniformly  driven 
against  the  fence  and  to  pass  in  a  straight  line  through 
the  machine.    Motion  is  given  by  a  band  from  a  large 
revolving  drum,  placed  above  the  machine  (not  shown 
in  the  figure),  which  communicates  with  the  drum  u, 
upon  the  shaft  of  which  is  a  pinion  that  drives  the 
toothed  wheel  j ;  the  axis  of  the  latter  carries  the 
pitched  rigger  t,  round  which  the  endless  chain  is 
passed,  and  stretched  in  a  parallel  direction  with  the 
bench,  by  passing  over  the  pulley  z,  at  the  opposite  end 
of  the  machine ;  at  this  place  only  a  small  piece  of  the 
chain  is  brought  into  view,  as  the  introduction  of  the 
whole  of  it  would  hide  or  tend  to  confuse  some  of  the 
other  parts  of  the  apparatus.    The  pulley  z  is  mounted 
upon  a  tightening  frame  y  which  moves  upon  a  joint 
at  the  lower  end,  the  tension  being  increased  or  lessened 
by  the  wedges  1,  1,  or  by  regulating  screws.  The 
parts  we  have  thus  described  constitute  a  separate 
machine  for  the  planing  only  of  boards.    For  the 
preparation  of  plain  or  square-jointed  flooring  boards, 
the  following  additional  apparatus  is  brought  into 
operation.     A  part  of  the  fence  e  is  slightly  hol- 
lowed from  the  direct  line  of  the  bench,  to  admit  of 
projecting  inequalities  in  the  edges  of  the  boards ; 
these  are  removed  by  irons  or  cutters  fixed  on  a  hori- 
zontal revolving  plate  /,  the  periphery  of  which  enters 
an  aperture  in  the  fence  e ;  and  it  is  on  the  edge  of  the 
board  presented  to  this  side  of  the  machine  that  a 
tongue  or  feather  is  formed  when  required.    To  pro- 
duce this  effect  two  circular  saws,  g  and  h,  are  used. 
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one  of  which,  gr,  revolves  under  the  board,  and  cuts  it 
upward ;  the  other,  A,  revolves  above  the  board,  and 
cuts  it  downwards,  to  such  a  depth  only  on  each  side 
as  to  leave  a  tongue  or  feather  of  the  required  thick- 
ness uncut.  By  the  progressive  motion  of  the  board  it 
next  passes  under  the  operation  of  two  circular  saws 
one  only  of  which  can  be  seen,  as  the  other  is  directly 
underneath  on  the  same  spindle,  and  separated  only  by 
a  ring  or  washer,  which  is  of  the  same  thickness  as  the 
tongue.  These  saws,  acting  horizontally,  or  at  right 
angles  to  those  at  g  and  h,  cut  off  the  superfluous  wood, 
and  leave  the  tongue  projecting  from  the  board  com- 
pletely formed.  The  opposite  edge  of  the  board  is  cut 
parallel  to  the  other  by  a  circular  saw  It,  revolving 
vertically,  which  is  called  the  "  hreadthing "  saw ;  a 
guide  fixed  to  the  head  of  0,  which  supports  the  spindle 
of  this  saw  (but  which  cannot  be  seen  in  the  figure),  is 
so  placed  as  to  conduct  the  superfluous  pieces,  separated 
from  the  boards  by  the  saw  h,  underneath  the  circular 
saw  Z;  the  slips  are  thus  removed  out  of  the  way  of 
the  latter  saw  and  preserved.  The  saw  I  revolves  hori- 
zontally, and  is  called  the  "  grooving  saw ;  "  it  is  con- 
siderably thicker  than  ordinary  circular  saws,  and  has 
long  teeth  to  admit  of  their  receiving  a  *'  set "  to  cut 
out  the  whole  of  the  required  groove  at  one  operation. 
The  spindle  head  which  carries  the  grooving  saw  is 
adjusted  and  fixed  by  screws  to  a  bracket  attached  to 
the  head  0,  the  latter  being  placed  in  slides,  which 
keep  it  steady,  and  conduct  it  in  a  parallel  direction 
when  moved  to  or  from  the  bench.  All  the  parts  that 
operate  on  this  edge  of  the  board  being  thus  connected, 
advance  or  recede  together.  This  movement  is  effected 
by  means  of  a  screw  fitted  with  collars  to  the  fixed 
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puppet  3,  and  working  in  a  nut  in  the  back  part  of  the 
head  o ;  the  screw  is  turned  by  the  handle  n,  and  an 
index  on  the  head  o  points  out  the  relative  position  of 
the  circular  saw  Ti  with  respect  to  the  other  side  of  the 
machine,  and  consequently  indicates  the  various  breadths 
of  the  finished  boards  by  pointing  to  a  divided  scale  of 
inches  and  parts  fixed  upon  the  block  c.  All  the  saws 
are  fixed  on  to  the  spindles  in  the  ordinary  way,  by 
screws,  nuts,  and  washers;  but  the  spindles  are  con- 
siderably thicker  than  usual,  to  admit  of  their  being- 
fitted  with  cutters  or  irons,  which,  by  cutting  hori- 
zontally, rebate  the  superfluous  thickness  of  the  board 
to  a  sufficient  extent  from  that  part  which  is  destined 
to  form  the  under  side  of  the  floor  in  all  flooring  boards. 
The  heads,  which  carry  the  vertical  saws  g,  h,  are  placed 
on  slides  fixed  to  the  block  ccc,  their  horizontal  posi- 
tion being  adjusted  by  regulating  screws,  worked  by 
the  handles  p  and  r,  and  their  spindles  elevated  or 
depressed  by  proper  adjusting  screws.  Motion  is  com- 
municated by  endless  bands  from  a  large  drum  wheel 
above  the  machine,  such  bands  embracing  all  the  vertical 
saw  pulleys,  and  also  the  rigger  or  pulley  w  of  the  in- 
termediate shaft  vw;  and  this  intermediate  shaft,  by 
means  of  half  crossed  or  twisted  bands  4,  4,  gives 
motion  to  the  horizontal  saws  i  and  I.  The  circular 
plate  or  plane /is  also  impelled  by  another  half-twisted 
band  5,  from  a  pulley  6,  on  the  axis  of  the  saw  g.  The 
power  which  impels  the  whole  machine  is  derived  from 
a  steam  engine  or  other  prime  mover  applied  to  the 
shaft  of  the  large  drum  wheel  before  mentioned.' 

A  number  of  these  machines  were  made  and  erected 
by  Mr.  Muir  in  Glasgow  and  other  towns,  and  were 
in  operation  for  many  years.     Mr.  John  McDowall, 
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of  Johnstone,  near  Glasgow,  made  a  number  of  ma- 
chines on  Muir's  model,  and  afterwards  introduced 
several  modifications  and  improvements  of  his  own, 
for  which  he  obtained  a  patent  in  the  year  1836.  The 
chief  of  these  improvements  consisted  in  the  introduc- 
tion— in  the  place  of  the  endless-chain  feed,  which, 
when  planing  thin  stuff,  had  a  tendency  to  tear  the 
wood — of  two  pairs  of  rollers  at  the  front  and  back  of 
the  machine,  to  feed  the  boards  through  the  cutters, 
by  means  of  frictional  pressure.  The  rollers  were 
turned  and  made  to  act  like  the  rollers  of  a  calendering 
machine ;  the  upper  ones  were  held  down  by  weighted 
levers,  which  gave  them  an  increased  grip  on  the  wood 
which  passed  between  them.  The  rollers  were  found 
to  answer  their  purpose  well,  and  the  thinnest  boards 
were  carried  through  the  machine  without  difficulty. 
Another  improvement  was  the  introduction  of  a  new 
method  of  cutting  tongues  and  grooves  on  the  edges 
of  the  boards.  Muir  employed  four  saws  for  this  pur- 
pose, one  cutting  up,  another  cutting  down,  and  two 
cutting  in,  so  that  two  strips  are  cut  off  the  sides, 
leaving  the  tongue  or  feather  in  the  centre  ;  this  plan 
did  not  act  well  when  working  on  thin  wood.  Mr. 
McDowall  substituted  a  set  of  rotary  cutters  fixed  on 
vertical  spindles  ;  these  cutters  were  made  the  exact 
size  of  the  tongue  or  groove  required,  and  being  placed 
on  either  side  of  the  machine  in  brackets  working  on  a 
slide,  could  be  adjusted  by  means  of  a  screw  and  hand 
wheel  to  suit  varying  widths  of  boards ;  this  plan  is  in 
use  at  the  present  time.  Mr.  McDowall  also,  a  few 
years  later,  introduced  several  other  modifications  in 
these  machines,  including  a  silent  feed  motion  with 
differential  action,  and  an  arrangement  of  combined 
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roughing  and  finishing  cutters  for  thicknessing.  The 
feeding  motion  was  a  decided  novelty.  As  the  deal 
entered  the  machine  to  be  cut  it  passed  beneath  a  set 
of  feed  cams,  which  nipped  the  wood  and  carried  it  con- 
tinuously forward.  This  feed  arrangement  consisted 
of  horizontal  traversing  plates  of  metal,  tongued  at 
opposite  ends,  to  slide  freely  in  corresponding  grooves 
in  the  top  plates  of  the  standards,  and  upon  these  plates 
a  pair  of  vertical  parallel  standards  were  attached; 
these  standards  were  connected  at  their  upper  ends  by 
a  light  cross-bar.  Each  standard  was  slotted  down  its 
centre,  to  receive  and  guide  the  traversing  nut-bearings 
of  the  cross  cam-spindle.  A  screw  was  passed  down 
from  above  and  through  the  nut-bearings,  so  as  to  allow 
the  cam  spindles  to  be  set  up  or  down.  Each  cam 
spindle  had  an  eccentric  cam  loosely  hung  on  it  by  an 
eye,  the  cam  eye  being  fixed  against  an  adjustable 
collar.  Thus  arranged,  this  nipper  feed  formed  a  com- 
plete traversing  frame  capable  of  free  horizontal  move- 
ment. 

The  primary  movement  was  given  to  these  nipping 
feeders — of  which  there  were  six  altogether,  three  at 
each  end  of  the  machine — by  a  toothed  pinion  on  the 
first  motion  shaft.  This  pinion  geared  into  a  large 
toothed  wheel  set  on  a  cross  shaft,  and  carrying  a 
second  pinion  in  gear  with  a  second  spur  wheel,  fast  on 
the  actuating  cam-shaft.  On  this  shaft  three  separate 
cams  or  differential  eccentric  pieces  were  keyed.  Over 
the  periphery  of  each  cam  was  set  an  anti-friction 
pulley,  carried  on  the  horizontal  arm  of  a  bell-crank 
lever,  the  three  bell  cranks  being  carried  loosely  on  a 
stud  shaft.  The  long  vertical  arms  of  these  bell  cranks 
were  connected  by  eyes  at  their  lower  ends  to  their 
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respective  rods,  which  were  severally  linked  by  end  and 
intermediate  eyes  to  the  bottom  of  each  of  the  nipping 
frames.  The  three  cams  were  so  set  at  starting*  that 
they  each  acted  at  different  periods  of  the  revolution 
of  their  shaft  in  such  a  manner  that  an  uniform  feed 
motion  was  given  to  the  board  passing  through  the 
machine.  This  method  of  feeding  the  timber,  although 
ingenious,  had  several  objections,  and  has  long  been 
disused,  but  it  certainly  deserves  a  passing  notice. 

About  the  year  1847  several  improvements  in  the 
method  of  operating  planing  and  moulding  machines 
were  introduced  in  America  by  John  Cumberland  and 
others.  A  great  number  of  the  machines  hitherto  con- 
structed in  America  were  built  with  cutters  working  on 
a  vertical  axis,  as  first  patented  by  Bramah  in  this 
country  in  1802.  Numerous  alterations  and  modifica- 
tions were,  however,  introduced,  which  rendered  this 
class  of  machines  much  less  complicated  and  cumber- 
some ;  among  these  may  be  noticed  an  improved  re- 
versing gear  fitted  to  the  travelling  table  which  passed 
beneath  the  rotating  cutters.  This  consisted  of  two 
spur  wheels,  one  twice  the  diameter  of  the  other, 
gearing  into  a  worm  wheel.  The  opposite  ends  of  the 
shafts  upon  which  these  wheels  were  keyed,  rested  on  a 
screw,  so  centred  that  when  one  is  raised  the  other  is 
lowered;  small  pinions  upon  them  are  then  brought 
into  gear  alternately  with  the  rack  fixed  on  travelling 
table  as  required — the  larger  wheel  giving  the  slow 
forward  motion,  and  the  smaller  the  quick  return  mo- 
tion, to  the  travelling  table  carrying  the  wood  to  be 
planed. 
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CHAPTEE  X. 

PLANING  AND  MOULDING  MACHINES — COuUrmed. 

Previous  to  our  Exhibition  of  1851  considerable  pro- 
gress was  made  in  the  United  States  in  planing  and 
moulding  machinery.  Its  rapid  development  was,  how- 
ever, much  retarded  by  the  tyrannical  operation  of  the 
holders  of  several  patents,  chief  amongst  which  was 
that  known  as  the  '  Wood  worth  planer.'  This  patentee, 
it  seems,  claimed  in  America  the  introduction  of  the 
combination  revolving  cutter-blocks  and  roller-feed 
motion  for  planing  wood.  The  validity  of  this  patent 
was  contested  for  many  years.  One  part  of  the  patent, 
viz.  the  roller-feed  arrangement,  was  known  in  this 
country  many  years  before.  (See  patents  granted  to 
Oharles  Hammond,  London,  1811,  and  Burnet,  for  im- 
provements in  machinery  for  planing  wood,  1839.) 
Notwithstanding  these  difficulties,  Messrs.  C.  Eogers 
and  Co.,  of  Norwich,  Sellers  and  Co.,  of  Philadelphia, 
Fay  and  Co.,  of  Cincinnati,  Whitney,  Woods,  and 
other  American  houses,  added  materially  to  the  ad- 
vancement of  this  branch  of  manufacture,  as  exempli- 
fied in  our  Exhibitions. 

American  planing  machines  are  chiefly  constructed 
after  two  models,  known  as  the  Woodworth  and  the 
Daniels  planing  machines,  though  of  course  modified  or 
combined  according  to  requirements  or  nature  of  work. 
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The  Woodworth  macliine  Avas  patented  some  forty 
years  since,  and  its  functions  answer  almost  entirely 
with  our  own  roller-feed  machines  combined  with  re- 
volving cutter-blocks.  The  Daniels  planing  machine 
answers  in  its  action  to  the  one  invented  in  this 
country  by  Bramah,  which  we  have  before  described, 
it  having  a  horizontal  arm  fitted  with  a  cutter  at  either 
end,  and  is  made  to  revolve  over  the  timber  as  it  passes 
beneath  fixed  on  a  table  which  is  driven  by  a  rack  and 
pinion  or  other  suitable  gearing.  The  travelling  bed 
of  the  Daniels  machine  is  sometimes  combined  with 
the  revolving  cutter-block  and  feed  rollers  of  the  Wood- 
worth  ;  it  then  answers  to  our  trying-up  machine  with 
an  additional  roller  feed.  This  combination  has  the 
double  advantage  of  being  both  a  surface  dresser  and 
being  able  to  plane  timber  out  of  '  wind.' 

The  Daniels  or  traverse  planing  machine  is  chiefly 
used  in  the  heaviest  class  of  railway  or  waggon  work, 
or  where  timber  is  twisted  or  warped,  and  where  it  is 
necessary  to  take  it  out  of  '  winding.'  In  point  of  fact, 
machines  constructed  with  a  travelling  table  are  the 
only  true  planing  machines.  The  arm  or  disc  in  which 
the  cutters  are  placed  revolves  in  a  horizontal  plane, 
and  the  cutters  attack  the  wood  at  right  angles  to  the 
grain.  With  this  class  of  machine  no  difficulty  is  expe- 
rienced in  working  any  kind,  size,  or  condition  of  ma- 
terial. When  very  thin  stuff  has  to  be  planed,  weights 
or  pressure  rollers  are  used.  The  main  framings  of 
these  machines  a.re  usually  constructed  in  America  of 
wood ;  the  table,  however,  travels  on  a  planed  cast-iron 
bed.  The  cutter  arm  has  vertical  adjustment  to  suit 
varying  thicknesses  of  wood,  and  the  cutters  are  in 
operation  during  either  traverse  of  the  table. 
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The  Woodwortli  planing-  machine,  with  its  various 
modifications,  possesses  many  features  of  interest,  and 
some  of  tlie  machines  constructed  by  the  leading 
American  houses  are  extremely  complete  in  their  every 
detail.  A  short  description  of  one,  with  additional 
improvements  patented  by  J.  A.  Fay  and  Co.,  of  Cin- 
cinnati, in  1862  and  1868,  may  not  be  out  of  place. 
The  machine  under  notice  is  of  recent  construction,  and 
one  of  the  heaviest  of  its  class. 

The  cutter  blocks  are  made  of  wrought  iron,  and 
arranged  to  carry  two,  three,  or  more  planing  irons, 
and  are  fitted  with  steel  lips,  which  form  a  back,  to  the 
ordinary  iron,  similar  to  the  hand  plane.  The  journals 
to  carry  the  cutter  blocks  are  of  steel,  proportioned  in 
diameter  to  the  weight  of  the  cutter  block  and  power 
of  the  machine.  The  bearings  are  made  in  length 
about  five  times  their  diameter,  and  lined  with  anti- 
friction metal ;  they  are  fitted  with  self-oiling  boxes. 
Machines  which  are  also  arranged  for  moulding  are 
fitted  with  an  adjustable  swinging  pressure  bar.  The 
horizontal  cutter-blocks  have  vertical  screw  adjust- 
ments. The  vertical  or  side  cutter-block  spindles  are 
made  with  three  wings  and  of  gun  metal,  and  are  fitted 
with  a  patent  clip  for  matching,  and  constant  lubri- 
cation is  especially  secured  to  both  vertical  and  foot- 
step bearings.  The  vertical  cutter-block  spindles  are 
fitted  to  a  frame  arranged  with  vertical  adjustment, 
and  can  be  lowered  beneath  the  bed  of  the  machine 
when  it  is  required  to  use  it  as  a  surface  planer  only. 
The  feed  rollers,  of  which  there  are  four  or  six,  accord- 
ing to  the  size  of  the  machine,  are  of  large  diameter, 
and  are  all  driven  in  pairs  by  expansion  toothed  gear- 
ing, which  '  gives '  to  uneven  timber  about  three-fourths 
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of  an  inch  in  24  inches,  and  they  are  adjustable  to 
different  thicknesses.  They  are  also  arranged  with  a 
dead-weighting  attachment,  acted  on  by  levers  placed 
beneath  the  machine,  and  fitted  in  pivoted  bearings, 
thus  securing  an  equal  pressure  when  working  irregular 
timber.  The  upper  cutter  block  is  fitted  with  a  spring 
pressure  roller  before  the  cut,  and  a  yielding  pressure 
bar  after,  which  effectually  resists  excessive  vibration 
of  the  wood  when  under  the  action  of  the  cutters.  This 
pressure  bar  is  easily  adjusted  and  is  fitted  with  a 
gauge.  The  bottom  cutter  block  is  so  arranged  that 
the  discharging  roller  carries  the  timber  right  through. 
These  rollers  can  be  swung  out  of  the  way  when  the 
bottom  cutter  block  requires  any  alteration. 

Tor  gauging  the  depth  when  cutting  beads  a  pa- 
tent attachment  is  fitted  into  the  pressure  bar  over  the 
under  cutter  block,  which  gauges  from  the  face  of  the 
board  being  worked.  A  roller  guide  for  keeping  the 
timber  up  to  the  fence  is  also  fitted,  together  with 
changes  of  feed  for  hard  or  soft  wood,  which  is  started 
or  stopped  by  a  double  pulley-feed  belt-tightener.  All 
bearings  are  fitted  with  large  oil  chambers,  and  the 
gearing  with  guards.  Fast  and  loose  pulleys  of  varying 
diameters  are  fitted  to  the  countershaft.  It  will  be 
gathered  from  this  short  description  that  the  modern 
American  Woodworth  planer,  in  the  completeness  and 
easy  adaptability  of  its  many  details,  is  a  wood-working 
machine  of  the  most  advanced  type. 

In  connection  with  planing  machines,  in  addition 
to  the  ordinary  method  of  feeding  by  geared  rollers, 
the  endless  revolving  apron  or  flexible  chain  bed  feed  is 
used  considerably  in  America.  This  was  invented  by 
James  Farrar  some  five-and-twenty  years  ago.    It  con- 
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sists  of  a  series  of  cast-iron  slats  or  bars  flexibly 
connected  together,  and  made  to  revolve  over  rollers 
at  either  end  of  the  machine  by  suitable  gearing.  It 
passes  under  the  top  cutter-block,  and  the  bearing 
surfaces  over  vehich  it  slides  are  usually  made  of  chilled 
iron  ground  smooth.  The  usual  pressure  rollers  keep 
the  timber  firmly  on  the  apron.  For  surfacing  purposes 
it  has  some  advantages,  and  is  a  rapid  and  powerful 
feed,  but  requires  considerable  care  in  its  manufacture 
and  manipulation,  as  the  heavy  friction  to  which  it  is 
subject,  unless  carefully  guarded  against,  would  ne- 
cessarily cause  its  early  deterioration. 

Amongst  the  other  American  planing  machines  may 
be  mentioned  those  of  C.  B.  Eogers  and  Co.,  and  B.  D. 
Whitney,  both  of  whose  machines  possess  some  inte- 
resting features.  In  one  of  Whitney's  machines,  espe- 
cially adapted  for  re-finishing  or  scraping  hard  woods, 
the  finishing  cutters  are  fixed  at  right  angles  to  the 
wood  in  movable  drawers,  and  the  wood  is  forced  over 
them  by  powerful  feed  rollers.    (See  illustration,  fig.  10). 

Following  our  Exhibition  of  1851  Mr.  Samuel 
Worssam,  of  London,  constructed  a  planing  machine 
with  roller  feed  which  embodied  several  novelties.  In 
the  place  of  a  larger  number  of  small  rollers  he  used 
two  pairs  only,  of  extra  large  size — some  2  feet  diameter, 
we  believe — and  turned  smooth  on  the  surface ;  these 
rollers  were  driven  by  heavy  spur  gearing.  The  timber 
was  operated  on  all  four  sides,  the  under  cutters  were 
placed  between  the  first  and  second  pair  of  feed  rollers ; 
these  cutters  consisted  of  one  pair  of  revolving  cutters 
for  'roughing  out,'  and  two  fixed  cutters,  set  at  an 
angle  of  45  degrees ;  and,  projecting  slightly  above  the 
bed  of  the  machine,  these  cutters  gave  a  finishing. 
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smooth  surface  to  the  wood.  These  fixad  cutters  were 
fitted  into  cast-iron  drawers,  which  could  be  pulled  out 
and  replaced  as  required.  The  wood  was  held  down  on 
them  by  means  of  weighted  levers,  and  the  whole 
arrangement  was  very  compact.  Mr.  Worssam  also 
brought  out,  a  few  years  afterwards,  a  machine,  on 
Bramah's  principle,  for  surfacing  and  squaring  up  tim- 
ber ;  it  was,  however,  smaller  and  less  complicated.  In 
place  of  the  ordinary  gouges  or  cutters,  Wilson's  patent 
cutters  were  used  (patented  1857).  These  consist  of 
cylinders  of  cast  steel,  turned  cylindrically  and  bored 
conically ;  the  lower  edge  of  gouge  is  chamfered  on  the 
outer  side  to  form  a  cutting  edge  on  the  inner  circum- 
ference. The  gouges  are  fixed  at  an  angle  to  the 
revolving  circular  disc,  and  the  chips  escape  through 
the  centre  of  the  gouges,  which  are  widened  at  their 
upper  end.  When  they  become  blunt  or  broken,  they 
can  readily  be  turned  in  their  socket,  thus  presenting  a 
fresh  cutting  edge. 

In  the  year  1853  a  Mr.  William  Hunter,  of  Glasgow, 
introduced  a  method  of  planing  wood  on  the  principle 
of  the  action  of  a  circular  saw  ;  the  planing  tool  con- 
sisted of  a  fine-toothed  circular  saw,  having  a  '  dished ' 
centre — that  is,  a  slight  concavity  in  the  centre,  similar 
to  a  very  shallow  plate  or  saucer.  This  saw  was  caused 
to  revolve  at  a  very  high  speed,  and  the  wood  was 
passed  between  it  and  a  fence.  The  object  in  '  dishing' 
the  saw  was  to  allow  only  a  narrow  circumferential 
portion  near  the  teeth  to  bear  on  the  wood  in  cutting ; 
the  saw  ran  without  '  set.'  The  inventor  also  claimed 
a  modification  whereby  a  single  saw  may  be  made  to 
plane  two  contiguous  sides  of  a  piece  of  wood ;  the  saw 
in  this  case  was  constructed  with  a  double  '  dish,'  or  a 
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thick  edge,  with  a  centre  sunk  in  or  thinned  off  for 
clearance.  We  have  never  seen  a  saw  of  this  construc- 
tion in  use  for  planing,  so  cannot  speak  as  to  its  opera- 
tion. Discs,  with  cutters  projecting  slightly  beyond 
the  surface  of  the  disc,  near  the  periphery,  are  now  used 
for  rough  planing  with  more  or  less  success,  and  we 
shall  take  an  opportunity  of  noticing  this  method  else- 
where. Some  improvements  in  the  feeding  and  general 
arrangement  of  details  of  roller-feed  i^laning  machines 
were  patented  by  Nelson  Barlow  in  1855. 

About  the  year  1856  Mr.  Henry  Wilson,  then 
manager  for  Messrs.  Powis,  James,  and  Co.,  London, 
brought  out  a  simple  planing  and  moulding  machine. 
For  the  feeding  arrangement,  in  the  place  of  all  smooth 
rollers,  he  made  the  upper  ones  fluted,  to  increase  the 
bite  on  the  wood.  The  pressure  on  the  wood  was 
effected  by  means  of  a  single  weighted  lever,  with  beams 
to  distribute  the  pressure  equally  on  the  rollers. 

Messrs.  Eobinson  and  Sons,  of  Eochdale,  also  about 
this  time  brought  out  a  new  moulding  and  planing 
machine,  the  chief  novelty  of  which  was  that  the  spur 
wheels  which  drove  the  feed  motion  were  actuated  by  a 
worm  motion  with  four  speeds.  One  of  these  machines, 
in  which,  however,  were  embodied  other  improve- 
ments, was  exhibited  in  our  International  Exhibition 
in  1862.  Messrs.  Forrest  and  Barr,  of  Glasgow,  also 
exhibited  a  planing  and  moulding  machine.  The  feed 
consisted  of  a  series  of  smooth  friction  rollers,  geared 
together  by  long-toothed  wheels.  The  upper  friction 
rollers  were  adjusted  by  means  of  screws,  and  the  pres- 
sure Avas  applied  to  tliem  by  means  of  spiral  springs. 

Our  illustration  (fig.  9)  represents  a  side  elevation 
of  a  wood-planing  machine  from  the  designs  of  Messrs. 
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John  McDowall  and  Son,  of  Johnstone.  The  timber  is 
fed  by  means  of  four  pairs  of  turned  rollers,  and  the 
top  ones  are  arranged  to  rise  and  fall  to  suit  varying 
thicknesses  of  wood.  Plane  irons,  fixed  in  a  movable 
plane-box  or  drawer,  operate  on  the  under  side  of  the 
timber,  which,  when  rough  or  dirty,  is  first  prepared  by 
a  set  of  revolving  irons  placed  in  front  of  them.  A  pair 
of  revolving  plane-irons  operate  on  the  upper  surface  of 
the  wood,  whilst  two  sets  of  plane  irons,  fixed  on  vertical 
spindles,  act,  at  the  same  time,  on  the  edges  ;  thus  the 
whole  four  sides  of  a  board  are  planed  at  once. 

The  blocks  carrying  the  side  spindle  cutters  are 
made  removable,  to  facilitate  the  sharpening  or  setting  of 
the  cutters.  Eor  driving  the  machine  two  countershafts 
are  used.  One  of  them  is  placed  at  the  delivery  end  of 
the  machine,  and  is  fitted  with  fast  and  loose  pulleys, 
which  are  driven  from  the  main  mill  shaft,  and  pulleys 
are  also  fitted  on  this  countershaft,  to  drive  the  top 
and  side  cutters  and  feed  motion.  Another  countershaft, 
with  pulley  to  drive  the  bottom  cutters,  is  usually  placed 
underneath  the  machine.  The  bottom-feed  rollers  are 
fitted  with  bushes,  beneath  which  a  '  liner '  can  be 
placed  to  raise  them,  should  they,  through  wear,  sink 
below  the  surface  of  the  table.  The  whole  machine  is 
strongly  made,  and  is  arranged  to  work  timber  at  speeds 
varying  up  to  60  ft.  per  minute,  according  to  the  variety 
or  condition  of  wood  being  operated  on. 
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CHAPTEE  XI 

PLANING  AND   MOULDING  MACHINES — Continued. 

In  the  year  1864  Mr.  Henry  Wilson,  of  London,  pa- 
tented some  very  valuable  improvements  in  connection 
witli  moulding  and  planing  machines,  the  most  im- 
portant of  which  was  a  variable  feed  arrangement, 
which  consisted  of  a  disc  wheel,  from  which,  by  toothed 
gear,  the  grooved  rollers  for  advancing  the  wood  to 
the  cutters  are  driven ;  motion  was  imparted  to  this  disc 
wheel  by  means  of  a  clothed  friction  pulley,  fitted  on 
a  shaft  with  a  feather,  along  which  the  pulley  was  free 
to  move,  so  as  to  act  on  the  disc  wheel  at  any  desired 
distance  from  the  centre.  By  regulating  the  position  of 
the  friction  pulley,  so  will  the  feed  be  altered ;  the  nearer 
the  pulley  is  brought  to  the  centre  of  the  disc,  the 
greater  will  be  the  speed  of  the  feed.  Included  in 
this  specification  was  an  improved  method  of  mounting 
the  vertical  or  side-cutter  spindles ;  these  were  fitted 
in  movable  frames,  with  curved  slots,  which  are 
capable  of  being  set  by  means  of  screws  or  otherwise, 
so  as  to  allow  one  or  both  of  the  spindles  to  work  at 
any  required  angle.  This  plan  is  found  of  great  value 
when  elaborate  under-cut  mouldings,  hand  railings,  &c., 
have  to  be  turned  out. 

In  the  International  Exhibition  held  in  Paris  in 
1867  an  advanced  type  of  planing  machine  was  exhi- 
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bited  by  Whitney  in  the  American  section ;  a  machine 
also  for  further  finishing  the  planed  boards  by  means  of 
scraping  was  also  shown.  This  was  done  by  forming  a 
burr  on  a  fixed  plane-iron  which  projected  slightly  above 
the  level  of  the  table  of  the  machine,  and  over  which 
the  wood  was  forced  by  means  of  geared  rollers.  This 
machine,  improved  by  Eichards,  we  illustrate  (fig.  10). 


FIG.  10. — WHITNEY'S  SURiFACE-SCRAPING  MACHINE. 

In  1868  Mr.  Samuel  Worssam,  jun.,  obtained  a 
patent  for  improvements  in  planing  machines,  known 
as  '  trying-up  '  and  '  squaring-up '  machines,  whereby, 
in  addition  to  their  ordinary  work,  they  were  rendered 
capable,  when  desired,  of  simultaneously  working  on 
three  sides  of  the  timber  under  operation.    This  was 
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secured  by  mounting  in  a  suitable  frame  a  pair  of  ver- 
tical spindles  with  cutters,  with,  a  pair  of  feed  rollers. 
These  spindles  and  feed  rollers  had  a  rotary  motion 
given  them,  and  were  so  arranged  as  to  be  easily  moved 
out  of  the  way  when  the  edges  of  the  timber,  being 
worked,  were  not  required  to  be  operated  on. 

Messrs.  Western  and  Co.,  London,  have  latterly 
made  several  improvements  relating  to  planing  ma- 
chinery, for  one  of  which  they  took  out  a  patent  in 
1873.  This  invention  related  to  apparatus  for  planing 
wood  true  on  the  face,  and  at  the  same  time  tonguing 
and  grooving  its  edges,  more  particularly  applicable  in 
the  preparation  of  parquet  flooring.  The  table  of  the 
machine  consists  of  an  endless  chain  of  plate  links, 
caused  to  travel  between  two  guides,  and  provided  with 
edged  '  dogs '  for  holding  the  pieces  of  wood,  which 
are  passed  between  revolving  edge-cutters  for  grooving 
and  tonguing,  and  under  a  planing  disc,  mounted  on  a 
vertical  spindle,  not  over,  but  at  the  side  of  the  wood. 
The  wood,  after  being  operated  on,  is  released  from  the 
front  '  dog '  by  the  bend  of  the  chain  over  the  chain 
wheel,  and  from  the  back  '  dog '  by  the  withdrawal  of 
the  latter  when  it  reaches  a  fixed  stop.  In  the  same 
year  Mr.  Bernard  Clark,  of  Birmingham,  took  out  a 
patent  for  some  improvements  in  squaring-up  and 
surfacing  machines.  These  improvements  consist  chiefly 
of  a  series  of  small  rotating  discs  or  holders,  which 
carry  cutters  for  removing  superfluous  wood,  and 
brushes  or  toothed  cutters  for  producing  a  smooth  sur- 
face on  the  wood  operated  upon,  and  are  combined 
with  a  circular  frame  to  which  rotary  motion  is  given. 
By  the  rotation  of  the  frame  and  the  discs  or  holders 
the  tools  are  made  to  describe  a  series  of  nearly  circular 
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curves,  which  motion,  combined  with  the  rectilinear 
motion  of  the  wood  under  the  cutters  or  tools,  is  cal- 
culated to  produce  a  truth  and  smoothness  of  surface 
unattainable  by  the  ordinary  surfacing  machines. 
Modifications  can  be  attached  to  a  frame  having  either 
a  rectilinear  traverse  motion  or  a  vibratory  or  oscillat- 
ing motion  about  a  centre.  The  tools  and  wood  to  be 
operated  upon  may  work  in  horizontal,  vertical,  or 
inclined  planes. 

In  the  recent  International  Exhibition  at  Paris 
several  machines  for  planing  and  moulding  were  ex- 
hibited, some  of  which  contained  features  of  interest. 
A  patent  combined  hand  and  power  feed  surface  plan- 
ing machine,  exhibited  by  J.  A.  Fay  and  Co.,  of  Cin- 
cinnati, U.S.A.,  is  a  valuable  tool  and  well  worthy  of 
notice.  (See  figs.  11  and  12.)  The  main  frame  of  the 
machine  is  cast  in  one  piece.  The  planing  bed  consists 
of  three  separate  tables;  the  centre  one  has  vertical 
adjustment  to  suit  different  thicknesses  of  timber; 
the  end  tables  have  both  lateral  and  vertical  adjust- 
ment. The  self-acting  feed  consists  of  powerfully 
geared  rollers,  and  when  required  to  be  in  use  the 
tables  are  lowered  below  the  cutter  blocks,  and  the 
wood  fed  under  the  cutters  in  the  usual  manner. 
When  it  is  desired  to  plane  by  hand  feed,  the  bonnet 
and  pressure  bar  are  removed  and  the  end  tables 
are  raised  above  the  cutter  block,  and  these  tables 
having  lateral  adjustment,  the  size  of  the  opening 
over  the  block  can  be  regulated.  The  bearings  of 
the  cutter  block  are  stationary.  The  block  is  fitted 
with  three  planing  cutters,  and  is  furnished  with  steel 
lips.  The  tables  are  so  arranged  that  the  cutting 
edges  of  the  knives  project  slightly  above  their  surface, 
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and  the  wood  is  passed  over  them  by  hand,  for  the 
guiding  of  which  a  fence  is  provided.  The  machine 
will  plane  long  or  short  stuff  up  to  24  inches  wide 
from  \  inch  in  thickness,  and  will  surface  straight  or 
tapering  work,  make  glue  joints,  and  will  bevel,  cham- 
fer, &c.  The  timber  can  be  fed  from  either  end  of  the 
machine,  and  the  depth  of  cut  is  regulated  by  a  gauge 
and  pointer.  The  cutter  block  is  speeded  to  make 
4,000  revolutions  per  minute. 

Messrs.  S.  Worssam  and  Co.,  of  London,  exhibited  a 
trying-up  machine,  in  which  the  pressure  rollers  for 
holding  the  wood  down  on  the  travelling  table,  which 
are  usually  placed  before  and  behind  the  cutter-block 
slide,  are  here  both  brought  in  front,  thus  securing  a 
greater  and  more  uniform  pressure  at  the  point  where 
the  cutter  strikes  the  wood,  which  is  an  improvement. 
The  cutter-block  spindle  ran  in  centres,  but  this  plan 
can  hardly  be  commended  for  the  heavier  class  of  ma- 
chines. The  travelling  table  is  fitted  with  double  rack 
gear,  thus  securing  always  an  adequate  bearing  for  the 
teeth  of  the  driving  pinion.  A  compact  little  thin- 
stuff  surface-planing  machine  was  shown  by  Messrs. 
Eobinson  and  Son,  of  Eochdale ;  it  was  adapted  to 
plane  wood  \  inch  thick  at  60  feet  run  per  minute,  but 
the  rate  of  feed  could  be  varied  according  to  the 
nature  of  the  wood.  The  wood  is  fed  by  means  of  six 
plain  rollers  driven  by  toothed  gearing,  which  force  it 
over  a  fixed  iron  fitted  into  a  movable  drawer. 

The  roller-feed  planing  machine  exhibited  by 
Messrs.  Gibson  and  Son,  of  Jonsered,  in  Sweden,  al- 
though not  possessing  any  great  novelty  in  its  general 
design  and  construction,  attracted  some  attention.  It 
appeared  to  be  built  more  or  less  after  American  models. 
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The  feed  consisted  of  geared  fluted  rollers,  adjusted  by 
spiral  springs  and  a  distributing  lever.  The  wood  is 
first  attacked  by  a  revolving  under-cutter,  and  then 
passes  over  a  fixed  knife  fitted  in  a  drawer  and  between 
two  vertical  side-cutters,  and  fi.nally  beneath  the  top 
cutter.  This  arrangement  of  the  cutters  is  somewhat 
of  an  improvement,  as  a  good  bed  is  furnished  for  the 
bottom  of  the  wood,  and  the  edges  are  well  dressed  up 
before  the  final  finish  is  put  on  the  surface  by  the  top 
cutter.  The  cutter  blocks  are  made  movable,  and  an 
additional  cutter  block  is  fitted  for  matching.  The 
cutters  are  made  in  sections  and  fitted  in  mortise  slots. 
The  framing  and  general  construction  of  the  machine 
is  very  light  as  compared  with  English  models. 

In  the  Norse  section  Messrs.  Jensen  and  Dahl 
showed  a  planing  machine  with  spindle  pulleys  of  extra 
large  diameter,  but  with  what  object  we  are  at  a  loss 
to  see,  as  the  friction  to  belts,  &c.,  would  thus  be 
much  increased.  In  the  French  section  P.  Arbey,  of 
Paris,  exhibited  a  trying-up  machine,  fitted  with  Mares- 
chal  and  Godeau's  patent  spiral  or  twisted  cutters.  The 
advantage  claimed  for  this  form  of  knife  is,  that  the  pitch 
of  the  knives  is  so  arranged  that  the  end  of  one  comes 
opposite  to  the  beginning  of  the  other,  thus  giving  a 
continuous  cut  during  the  whole  revolution  of  the  cutter 
block.  As  part  only  of  the  whole  length  of  the  knives 
strikes  the  wood  at  the  same  time,  the  vibration  is 
considerably  lessened ;  and  as  they  always  present  the 
same  cutting  angle  to  the  wood,  cross-grained  and 
knotty  stuff  can  be  worked.  The  knives  used  are  very 
light,  being  from  one  to  two  millimetres  in  thickness  ; 
they  are,  however,  somewhat  more  difficult  to  manage 
than  the  straight  knives  ;  but  an  arrangement  is  fitted 
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to  this  macliine  where,  by  means  of  a  revolving  emery 
wheel,  they  can  be  sharpened  in  their  places  on  the 
block.  The  machine  was  fitted  with  a  chain  feed — a 
method  which  seems  to  be  somewhat  in  favonr  for 
many  kinds  of  machines  in  France — and  the  wood  was 
secured  on  the  travelling  table  by  longitudinal  '  dogs.' 

A  panel  planing  machine,  with  plain  roller  feed,  to 
work  80  centimetres  wide,  was  shown  by  Messrs. 
Gerard,  of  Paris.  Instead  of  using  two  long  planing 
irons,  extending  the  whole  width,  eight  short  ones  were 
arranged  in  succession,  two  on  each  side  of  the  cutter 
block;  this  plan,  although  causing  a  little  more  trouble 
in  adjusting,  simplifies  very  much  the  operation  of 
sharpening,  as  considerable  difficulty  is  often  expe- 
rienced in  keeping  irons  of  very  great  width  in  satisfac- 
tory condition.  Amongst  recent  improvements  in 
planing  machinery  may  be  mentioned  also  those 
patented  in  1878  by  Mr.  Richard  Shill,  of  London. 
These  improvements  are  more  especially  adapted  for 
those  machines  arranged  for  planing  blind  laths  and 
similar  light  work  on  all  four  sides  at  once,  and  the 
novelty  consists  in  so  a^rranging  a  series  of  fixed  or 
hand  plane  cutters  that  the  cutting  action  of  the 
machine  is  not  dependent  on  a  high  rate  of  speed,  as 
is  the  case  with  revolving  or  rotary  cutters,  thus  en- 
abling the  machine  to  be  driven  either  by  hand  power 
or  steam,  as  desired.  The  cutter  for  planing  the  under 
surface  of  the  wood  is  fixed  in  an  adjustable  drawer, 
fitted  in  the  table  of  the  machine  in  the  usual  manner ; 
the  top  cutter  used  for  planing  the  upper  surface  of 
the  wood,  instead  of  revolving,  as  in  most  machines,  is 
also  stationary,  and  is  fixed  in  a  block  or  frame  arranged 
in  such  a  manner  that  it  is  capable  of  adjusting  itself 
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whilst  in  operation  to  the  varying  thicknesses  of  wood 
being  planed.  One  of  the  cutters  used  for  planing  the 
edges  of  the  wood  is  fixed  in  the  guide  or  fence,  whilst 
the  other  is  made  automatically  adjustable  to  varying 
widths  of  wood  by  means  of  a  spring.  The  wood  is 
fed  by  means  of  pressure  rollers  in  the  usual  manner, 
and  the  weight  of  the  frame  or  block  carrying  the  toj) 
cutter  is  also  utilised  in  keeping  the  wood  in  contact 
with  the  bottom  cutter  whilst  planing  the  under  sur- 
face. If  the  machine  is  actuated  by  hand  power,  the 
inventor  proposes  to  give  the  necessary  rotary  motion 
to  the  feed  rollers  by  means  of  a  handle  or  a  fly  wheel 
and  belt.  For  the  lightest  class  of  work,  especially 
where  steam  is  not  available,  this  machine  should 
possess  several  features  of  utility.  An  illustration  of 
it  will  be  found  (fig.  13). 

Having  thus  briefly  sketched  the  history  of  the  in- 
vention and  introduction  of  planing  and  moulding 
machinery  in  this  country,  we  shall  now  proceed  to 
discuss  the  chief  features  of  this  class  of  machines  as 
at  present  in  use.  Although  a  larger  number  of  ma- 
chines are  made,  and  specially  arranged  or  modified  to 
suit  varying  circumstances  or  descriptions  of  work,  the 
principles  involved  in  the  cutting  operation  of  planing 
and  moulding  machines  are  bat  three,  and  may  be 
classed  as  follov.^s  : — First,  and  most  important,  those 
machines  having  their  cutters  fixed  in  revolving  blocks 
or  spindles  ;  second,  those  machines  having  their 
cutters  fixed  in  a  rotating  cross-head  or  disc  (known 
as  Bramah's  principle) ;  third,  those  machines  having 
fixed  irons  only,  and  where  the  wood  is  forced  over 
their  cutting  edge. 

The  principle  of  fixing  cutters  to  revolving  blocks 
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or  spindles  is  the  one  in  most  general  use,  and  is,  on 
the  whole,  the  most  advantageous  for  all  ordinary 
classes  of  work,  and  will  turn  out  a  much  larger  quan- 
tity than  any  other  system.    In  designing,  in  the  first 


FIG.  13. — shill's  patent  thin  woou  planing  jiachine. 


place  care  should  be  taken  to  secure  sufficient  strength 
and  stability  in  the  main  framing  of  the  machine  to 
overcome  the  strain  and  vibration  caused  by  the  high 
rate  of  speeds  it  is  necessary  to  run  at.    For  all  the 
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smaller-sized  machines  at  least,  tlie  framing  should  be 
on  the  '  box '  principle,  and  even  in  the  largest  sizes 
the  framing  should  be  in  as  few  pieces  as  possible. 
To  obtain  compactness,  hoAvever,  the  working  parts 
should  never  be  crowded  together,  as  it  often  neces- 
sitates running  intermediate  driving  belts  at  short 
centres,  and  other  evils. 

One  of  the  most  important  elements  necessary  to 
secure  the  successful  working  of  these,  as  well  as  other 
wood- working  machines,  is  to  obtain  a  reliable  arrange- 
ment for  feeding  the  timber  through  the  machine,  as,  no 
matter  how  well  designed  or  accurately  made  a  machine 
may  be,  unless  the  timber  passes  through  the  machine 
steadily  and  without  slip,  and  at  a  speed  that  is  best 
suited  to  the  class  of  wood  being  operated  on,  the 
quality  and  quantity  of  the  work  turned  out  are  un- 
satisfactory. Chain  and  other  methods  of  feeding  were 
at  one  time  in  use,  but  the  two  arrangements  now 
almost  universally  used  are  the  roller  and  rack  feeds. 
The  latter,  however,  is  confined  to  those  classes  of 
planing  machines  known  as  'trying-up'  and  'squaring- 
up'  machines.  Whether  the  rollers  employed  are  plain 
on  the  surface  or  fluted,  the  grip  on  the  wood  and  the 
feed  is  improved  by  driving  the  whole  of  them.  Some 
makers  drive  only  the  upper  series  of  rollers,  leaving 
the  lower  to  be  made  to  revolve  by  the  pressure  of  the 
wood  being  planed.  In  all  large-sized  planing  or 
moulding  machines  the  table  of  the  machine  should  be 
a  fixture,  and  the  upper  cutter-block  arranged  to  lise 
and  fall  to  suit  varying  thicknesses  of  wood. 

We  have  seen  a  plan  of  placing  all  the  cutter  blocks 
on  one  side  of  the  machine  overhanging  their  bearings, 
and  arranging  the  table  to  rise  and  fall.    This  may 
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answer  very  well  for  small  machines,  where  the  strain 
is  not  great,  but  for  large  machines,  owing  to  the  heavy 
and  unequal  strain  on  the  spindle  bearings  nearest  the 
cutter  blocks,  it  cannot  be  recommended,  as  when  the 
bearings  wear,  the  vibration  and  the  consequent  jar  on 
the  wood  being  planed  are  excessive,  leaving  its  results 
in  a  series  of  undulations.  The  cutter-block  spindles 
should  be  of  steel,  and  not  unduly  heavy.  A  good  plan 
to  pursue  is  to  forge  the  spindles  and  blocks  revolving 
horizontally  in  one  piece,  and  make  the  blocks  on  the 
side-cutter  spindles  movable.  The  cost  of  a  tough  steel 
for  use  in  spindles  is  very  little  in  excess  of  that  of 
iron,  and  has  the  advantages  of  presenting  a  better  sur- 
face to  the  bearings,  and  the  spindles  can  be  made  of 
less  weight. 

In  some  machines  of  recent  construction  a  duplicate 
set  of  top  cutter-blocks  and  cutters  have  been  intro- 
duced, with  the  object  of  allowing  the  first  set  of  top 
cutters,  under  which  the  wood  passes,  to  do  the  rough 
heavy  work,  and  pass  on  to  a  second  set  of  cutters, 
which  are  made  to  revolve  at  a  much  higher  speed  for 
the  purpose  of  producing  a  fine  surface  or  finish  on  the 
board. 

The  cutter-block  spindle  bearings  should  be  of 
phosphor  bronze,  and  made  extra  stout  and  long,  and 
the  oil  ways  should  extend  nearly  the  whole  length 
of  the  bearings,  and  a  constant  supply  of  oil  kept  up. 
It  is  of  the  utmost  importance  that  these  spindles 
should  be  fitted  to  their  bearings  with  the  greatest 
accuracy,  as  the  friction  and  vibration  caused  by  the 
high  rate  of  speed  at  which  it  is  necessary  they  should 
run  is  excessive,  sometimes  engendering  enough  heat 
to  cause  the  lubricating  oil  to  take  fire.   When  possible, 
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these  bearings  should  have  guards  or  shields  to  protect 
them  from  dust  and  grit.  All  large-sized  cutter  blocks 
should  have  bearings  at  their  either  end,  as  it  is  found 
that  when  operating  on  heavy  work  the  cutter-block 
spindles  are  apt  to  spring  if  they  are  supported  by  a 
single  bearing  only.  Special  care  should  also  be  taken 
in  designing  tbese  machines,  with  the  arrangement  for 
holding  down  the  wood  being  planed  or  moulded,  as 
should  it  be  allowed  to  vibrate  even  in  a  slight  degree, 
the  finisbed  work  is  unsatisfactory. 

The  cutter  blocks  with  their  irons  on  either  face 
should  be  made  to  accurately  balance  each  other,  or  a 
waviness  or  irregularity  in  the  finished  work  is  the  re- 
sult. It  is  found  a  good  plan  to  place  the  pressure 
apparatus  for  holding  down  the  wood  as  near  as  possible 
to  the  cutter  blocks,  as  it  is  thus  enabled  to  make  ita 
controlling  action  felt  to  greater  advantage  than  if 
placed  a  little  distance  from  the  point  where  the  force 
is  in  operation  which  causes  the  vibration  or  '  spring ' 
it  is  designed  to  counteract. 

The  cutter  block  operating  on  the  under  surface  of 
the  wood  should  be  placed  in  advance  of  the  block 
operating  on  the  upper  surface,  as  a  smooth  face  is 
thus  secured  for  the  wood  to  travel  on  whilst  passing 
beneath  the  upper  or  most  important  cutters.  The 
countershafts  should  be  placed  at  one  end  of  the 
machine,  to  give  a  clear  space  to  the  workman.  The 
cutting  edge  of  planing  and  moulding  irons  should  be 
speeded  to  travel  about  6,000  feet  per  minute. 

Our  illustration  (fig.  14)  represents  a  well-designed 
planing  machine,  from  the  works  of  Messrs.  A.  Ean- 
some  and  Co.,  London.  It  is  a  powerful  machine,  and 
adapted  for  work  of  the  heaviest  class.    The  main 
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framing  is  cast  in  one  piece,  giving  great  stability. 
The  wood  is  fed  by  means  of  three  pairs  of  large  feed 
rollers,  all  of  which  are  driven.  The  top  rollers,  with 
pressure  apparatus,  can  be  raised  or  lowered  at  will  by 
turning  the  handle  fixed  at  the  front  of  the  machine. 
The  mode  of  equalising  the  pressure  of  the  feed  rollers 
on  the  wood  to  prevent  slipping  is  good.  This  is  done, 
as  will  be  seen  by  the  illustration,  in  a  simple  manner, 
by  levers  and  weights  actuating  other  distributing  beams 
or  levers,  which  act  on  the  entire  length  and  width  of 
the  timber  being  planed. 

A  specialty  of  Messrs.  Eansome's  is  that  they  speed 
most  of  their  machines  to  run  at  a  very  high  velocity ; 
the  machine  under  notice  is  speeded  to  plane,  groove, 
tongue,  or  edge  at  the  rate  of  70  feet  per  minute.  To 
enable  this  to  be  accomplished  without  very  serious  de- 
triment to  the  wearing  powers  of  the  machine  and  to  the 
quality  of  the  work  turned  out,  it  is  necessary  that  the 
working  parts  of  the  machine  should  combine  strength 
with  lightness  in  the  highest  possible  degree.  They 
therefore  forge  the  cutter  blocks  and  spindles  in  one 
piece  from  a  tough  quality  of  steel,  the  bearings  are 
made  of  extra  length,  and  especial  care  is  taken  in  the 
workmanship  and  lubrication.  Whether  this  entirely 
removes  the  objections  urged  against  excessive  speeds 
we  will  not  hero  offer  an  opinion.  Extra  vertical 
spindles  can,  if  wished,  be  fitted  to  these  machines,  for 
striking  beads. 

Our  illustrations  (figs.  15  and  16)  represent  a  mould- 
ing and  planing  machine  with  the  improvements 
patented  in  the  year  1864  by  Mr.  Henry  Wilson,  of 
London,  as  before  referred  to.  Some  considerable  im- 
provements have,  however,  been  latterly  introduced  by 
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Messrs.  Western  into  this  machine,  which  still  includes 
the  compound  angling  side-cutters  and  frictional  disc- 
feed of  the  original  patent.  One  of  these  improvQ- 
ments  is  in  arranging  the  upper  cutter-block  to  rise 
and  fall,  and  placing  an  additional  bearing  at  its  outer 
end,  thus  securing  the  advantages  of  what  is  known  as 
a  centre-feed  machine,  with  the  additional  advantage 
of  an  outside  cutter  machine— that  is,  all  the  operating 
cutters  are  placed  on  one  side  of  the  main  framing, 
this  plan  being  much  more  convenient  for  the  workmen 
to  fix  or  sharpen  the  irons.  The  top  feed  rollers, 
which  are  fluted,  overhang  the  main  framing,  and  can 
be  removed  and  replaced  by  conical  rollers,  which  are 
advantageous  to  use  when  the  machine  is  employed  in 
working  architrave  or  other  mouldings.  By  using 
conical  feed-rollers  adapted  to  the  shape  of  the  wood,  a 
considerable  saving  is  effected,  which  is  of  importance 
where  a  large  quantity  of  work  is  turned  out,  as  by  this 
plan  the  wood  can  be  cut  on  a  saw  bench  to  nearly  the 
size  required  in  the  moulding,  instead  of,  as  is  now  often 
the  case,  the  wood  being  cut  square  instead  of  bevelled, 
and  a  large  quantity  thus  left  to  be  cut  away  by  the  ma- 
chine to  waste.  These  and  other  improvements  make 
this  one  of  the  most  complete  machines  of  its  class. 

Our  illustration  (fig.  17)  represents  Mr.  Leonard 
Chapman's  recently  patented  thin-stuff  planing  ma- 
chine (makers,  Johnstone,  Hewetson,  Wilson,  and  Co., 
London)  ;  it  is  especially  adapted  for  planing  and 
edging  the  thinnest  class  of  wood,  such  as  that 
used  for  blind  laths,  cigar  boxes,  &c.  This  machine  is 
designed  to  plane  and  edge  wood  from  ^  inch  to 
1^  inch  thick  up  to  3^  inches  broad ;  it  is  speeded  to 
plane  and  edge  at  the  rate  of  100  feet  run  per  minute. 
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and  to  plane  only  at  the  extraordinary  speed  of  250 
feet  per  minute.    For  making  blind  laths  the  best 


Quebec  pine  is  used,  and  the  wood  is  first  sawn  from 
the  deals  by  a  thin-gauge  circular  saw.     It  is  then 
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forced  over  a  fixed  plane-iron,  and  between  two  sets  of 
vertical  revolving  irons,  by  means  of  a  series  of  plain 
rollers,  whicli  are  all  driven  by  toothed  gearing,  thus 
securing  immense  feeding  power.  As  the  grain  of  the 
wood  runs  in  opposite  directions,  the  laths  are  first 
passed  through  the  machine  and  planed  on  one  side  at 
great  speed;  the  rate  of  feed  is  then  lessened,  and  the 
edging  or  vertical  cutters  set  in  motion,  and  the  laths 
reversed,  and  passed  through  the  machine  again,  thus 
planing  them  on  the  other  side,  and  edging  them,  at 
the  same  operation. 

In  addition  to  the  large  amount  of  work  turned  out 
by  this  little  machine,  it  is  of  a  superior  quality  to 
hand  work.  The  main  frame  of  the  machine  is  cast  in 
one  piece,  and  the  main  spindle  bearings  and  small 
pinions  are  of  phosphor  bronze.  The  side-cutter 
spindles  are  of  steel,  and  are  speeded  to  run  at  7,500 
revolutions  per  minute  in  bearings  of  phosphor  bronze, 
5-^  diameters  in  length. 

Our  illustration  (fig.  18)  represents  another  class  of 
planing  machine,  known  as  the  trying-up.  The  cutting 
action  is  similar  to  that  of  the  ordinary  roller-feed 
machines,  but  the  method  of  feeding  or  bringing  the 
wood  under  the  action  of  the  planing  irons  diflPers  es- 
sentially. In  this  class  of  machines,  instead  of  the 
wood  being  forced  through  the  machine  by  means  of 
rollers,  it  is  cramped  on  to  a  long  planed  cast-iron 
travelling  table,  which  is  made  to  travel  backwards  and 
forwards  under  the  cutters  by  a  rack  and  pinion  gear. 
These  are  the  only  class  of  planing  machines  that  will 
take  the  timber  being  operated  on  out  of  'winding,' 
making  it  perfectly  true  and  ready  for  glueing  up  as  it 
leaves  the  machine. 
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It  will  worlc  either  hard  or  soft  wood  with  facility, 
at  speeds  varying  from  5  feet  to  25  feet  per  minute,  and 
is  especially  useful  to  railway  carriage  builders,  trying- 
up  scantling  for  joiners'  work,  &c.  It  also  has  the 
advantage  that  a  number  of  pieces  may  be  planed  at 
one  time. 

The  travelling  table  is  fitted  with  screw  cramps  or 
'  dogs,'  which  securely  fix  the  wood  being  operated  on. 
A  graduated  index  is  fitted  to  the  slide  on  which  the 
cutter  block  works,  so  that  the  thickness  of  the  cut 
can  easily  be  adjusted  to  gauge. 

An  improvement  has  latterly  been  introduced  in  the 
machine  under  notice,  which  enables  it  to  plane  both 
ways  of  the  traverse ;  consequently  no  time  is  lost  in 
running  back  the  table  for  a  fresh  cut,  as  in  other 
machines  of  the  same  class.  The  cutters  are  fitted  to 
a  steel  cutter-block,  and,  in  addition  to  planing,  can  be 
arranged  to  cut  large  mouldings,  trenches,  rebates,  &c. 
Pressure  rollers  to  keep  the  wood  steady  whilst  under 
the  operation  of  the  cutters  are  fixed  immediately  in 
front  and  at  the  rear  of  the  cutter  block ;  these  rollers 
are  fitted  with  india-rubber  washers,  which  give  and 
allow  for  any  inequality  on  the  surface  of  the  timber 
being  *  planed.  Vertical  side-cutters  can  be  fixed  to 
these  machines  when  i-equired  for  edging  and  matching, 
&c.,  and  in  the  largest  sized  machines  the  cutter  block 
can  be  raised  or  lowered  by  means  of  a  simple  self- 
acting  motion  worked  from  a  countershaft. 
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CHAPTEE  XTT 

IKEEGULAR  MOULDING  AND  SHAPING  MACHINES. 

Machines  for  moulding  and  shaping  circular  or  ir- 
regular forms  in  wood  are  of  comparatively  recent 
introduction ;  they,  however,  effect  great  economy,  as 
compared  with  hand  labour,  in  the  production  of  ir- 
regular ornamental  work,  as  used  in  church  architecture, 
&c.  They  are  specially  well  adapted  for  working  in 
hard  woods,  and  will  produce  a  large  amount  of  work 
sufficiently  perfect  to  require  little  or  no  j&nishing  by 
hand.  They  can  also  be  used  to  advantage  for  moulding 
ships'  timbers,  straight  or  circular  cornice  mouldings, 
table  and  side-board  tops,  chair  and  sofa  frames,  &c. ; 
and  when  not  in  use  for  irregular  work,  they  can  be 
used  for  straight,  such  as  sticking  architrave  mouldings, 
sash  bars,  stop-chamfering,  grooving,  rebating,  thick- 
nessing,  &c.  In  fact,  from  the  range  and  variety  of  its 
work,  it  must  be  considered  a  most  valuable  machine. 
A  patent  for  shaping  irregular  forms  was  taken  out  in 
1820  by  one  Boyd,  but  the  method  of  moulding  or 
shaping  irregular  forms  in  wood  by  means  of  a  cutter 
block  fixed  on  a  spindle  revolving  vertically  was  in- 
vented and  patented  by  Mr.  Andrew  Gear,  of  Jamesville, 
Ohio,  U.S.A.,  in  the  year  1853.  The  machine  he  then 
constructed  is  similar  in  every  respect  to  those  now  in 
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use.  In  the  first  machines  made  two  steel  spindles 
were  employed,  arranged  to  revolve  in  opposite  direc- 
tions; these  were  fitted  in  bearings  lined  with  anti- 
friction metal  and  protruded  through  the  top  of  a 
wooden  table.  The  top  of  the  spindles  were  screwed, 
and  the  cutters,  of  which  there  were  two  to  each 
spindle,  were  kept  in  their  places  by  collars  and  nuts. 
Both  flat  and  curved  cutters  were  employed ;  the  shoul- 
ders of  the  cutter  spindles  and  the  under  side  of  the 
collars  were  bevel-grooved,  and  the  edge  of  the  cutters 
made  to  correspond.  They  were  thus  held  firmly  in  their 
places.  A  fence  for  sticking  straight  mouldings  and  a 
carriage  fitted  with  chucks  for  '  pine-apple  work  '  were 
added.  For  producing  '  pine-apple  work '  the  wood 
was  made  to  revolve  by  turning  the  chucks  first  in  one 
direction  and  then  in  another,  and  any  degree  of  ex- 
panding pitch  or  twist  on  a  screw-shaped  table  leg  or 
other  ornament  was  obtained  by  leaving  the  chucks 
free  to  revolve,  and  prolonging  the  extremity  of  one  or 
both,  the  extremity  being  squared  and  twisted  into  the 
required  shape  and  allowed  to  play  endwise  through  an 
eye  in  the  fixed  standard.  The  inventor,  it  seems,  made 
the  discovery  by  accident,  the  first  machine  being  con- 
structed for  one  kind  of  work,  and  the  extent  of  its 
range  and  easy  adaptability  to  cut  irregular  and  intri- 
cate mouldings  was  for  some  time  undiscovered.  Unlike 
many  others,  the  inventor  is  said  to  have  made  large 
sums  of  money  by  the  sale  of  his  patents. 

Storer  and  Bicknell,  of  Boston,  U.S.A.,  patented  some 
additional  improvements  in  1856.  These  consisted 
chiefly  of  an  improved  method  of  fastening  the  cutters 
and  a  self-acting  method  of  setting  the  cutter  spindles 
to  angle  for  forming  undercut  mouldings.  This  was  per- 
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formed  by  means  of  cone  pulleys  and  worm  and  rack 
gearing  working  in  a  slotted  quadrant. 

Messrs.  Greenwood  and  Batley,  of  Leeds,  exhibited 
at  the  International  Exhibition  of  1862  a  Kinder's 
patent  shaping  machine,  which  did  not  differ  very 
essentially  from  those  at  present  in  use.  It  contained 
two  vertical  spindles,  revolving  in  opposite  directions. 
The  cutter-heads  or  blocks  were  capable  of  separate 
vertical  adjustment,  and  could  be  fitted  with  a  variety 
of  cutters,  to  suit  the  work  being  operated  on.  The 
frame  of  the  table  was  fitted  on  trunnions,  and  made 
to  caat  either  way.  The  top  of  the  table  was  made  to 
travel  longitudinally,  and  was  fitted  with  transverse 
grooves,  which  were  used  for  fixing  work.  Since  this 
date  various  modifications  and  improvements  in  these 
machines  have  been  introduced  by  Messrs.  Eobinson  and 
Smith,  of  Eochdale,  Wilson,  of  London,  and  others. 

Amongst  recent  improvements  in  irregular  moulding 
or  shaping  machines  may  be  mentioned  that  recently 
patented  by  Messrs.  Western  and  Co.,  of  London  (see 
fig.  19).  The  improvement  consists  in  the  method  of 
driving  and  reversing  the  cutter  spindle,  enabling  the 
worlcman  at  all  times  to  cut  with  the  grain  of  the  wood 
whilst  using  one  spindle  only.  This  is  secured  by  the 
use  of  two  friction  discs,  which  drive  the  cutter  spindle, 
each  of  which  causes  the  spindle  to  rotate  in  opposite 
directions.  The  action  of  these  discs  is  instantly  re- 
versed by  means  of  a  lever  under  the  immediate  control 
of  the  operator.  The  top  of  the  spindle  carrying  the 
cutter  block  is  turned  slightly  eccentric,  allowing  the 
block  a  small  amount  of  play,  thus  withdrawing  from 
the  wood  the  cutter  not  in  use.  The  main  frame  of 
the  machine  is  circular  and  cast  in  one  piece.  The 
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table  is  fitted  with  fence,  binding  rollers,  and  springs 
for  '  sticking '  straight  mouldings. 

The  method  of  driving  and  reversing  single  vertical 
shaping  machines  by  means  of  frictional  discs  is,  how- 
ever, not  new,  but  its  mode  of  application  may  be.  In 
some  American  machines  the  friction  pulleys  for  driving 
and  reversing  are  fitted  to  the  countershaft.  One 
friction  pulley  is  fixed  on  a  vertical  shaft  on  which  is 
the  driving  pulley,  from  which,  horizontally,  the  driving 
strap  passes  through  the  back  of  the  column  of  the 
machine,  the  pull  of  the  strap  thus  coming  against  the 
whole  body  of  the  machine  instead  of  against  the 
vertical  spindle  and  bearings  only,  as  would  be  the  case 
if  the  countershaft  was  put  in  the  front  of  the  machine. 
The  friction  pulleys  for  reversing,  which  are  placed  on 
the  horizontal  shaft,  are  brought  into  contact  with  the 
friction  pulley  on  the  vertical  shaft  by  means  of  a 
treadle. 

The  tables  of  many  of  the  American  machines  are 
made  of  cherry  and  black  walnut  wood  glued  together 
in  strips  and  fastened  with  cross  straps. 

In  the  panelling  and  recessing  machines,  where  the 
cutter  spindle  works  from  above,  motion  is  usually 
given  to  it  by  friotion  pulleys  placed  inside  the  column, 
and  the  table  brought  up  to  the  cutter  by  a  treadle  or 
hand  wheel  and  screw. 

In  this  country  straight  cutters  are  usually  em- 
ployed in  irregular  moulding  and  shaping  machines, 
but  on  the  Continent  and  in  America  curved  or  circular 
cutters  turned  from  the  solid  are  much  used. 

Shaping  machines  are  usually  constructed  with  one 
or  more  vertical  spindles.  Two  spindles  revolving  in 
opposite  directions  is  perhaps  the  most  general  and 
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useful  form,  as  by  this  plan  one  cutter  spindle  can  cut 
with  the  grain  of  the  wood  running  in  one  direction, 
and  the  other  spindle  can  operate  on  the  wood  with  the 
grain  running  in  the  other  direction  without  stopping 
or  reversing  the  machine. 

The  spindle,  with  suitable  cutters  attached,  projects 
above  the  surface  of  an  accurately  planed  table,  and 
the  cutting  edges  of  the  irons  should  be  speeded  to 
travel  some  5,000  feet  per  minute.  The  wood  to  be 
shaped  is  fixed  upon  a  wooden  template,  which  is 
pressed  by  the  operator  against  a  collar  on  the  cutter 
spindle ;  the  cutters  thus  form  in  the  wood  the  exact 
form  of  the  template.  In  single-spindle  machines, 
where  the  grain  of  the  wood  used  is  twisted  and  irre- 
gular, it  is  necessary  to  reverse  the  motion  of  the  cutter 
spindle,  so  that  in  curved  patterns  the  cutters  may  be 
enabled  to  work  with  the  grain  of  the  wood,  or  the 
worked  turned  out  is  rough  and  unsatisfactory.  The 
cutter  spindle  should  be  of  steel,  revolving  in  extra 
long  bearings  of  phosphor  bronze,  and  capable  of  being 
raised  and  lowered  to  suit  different  classes  of  work  by 
a  lever  and  hand  wheel  or  other  suitable  means.  The 
top  of  the  cutter  spindle  or  head  should  be  made 
movable,  so  as  to  allow  of  heads  with  other  cutters 
fixed  ready  for  work  being  put  into  operation  without 
delay. 

For  straight  work,  such  as  sash  bars,  &c.,  a  self- 
acting  feed  motion  can  be  fitted ;  and  for  sticking  under- 
cut mouldings  the  table  or  spindle  can  be  arranged  to 
cant.  We  have  recently  seen  an  improved  self-adjusting 
guard,  fitted  to  this  class  of  machines,  to  prevent 
accidents  from  the  cutters.  These  guards  cover  the 
cutters  entirely,  but  are  raised  sufficiently  above  the 
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table  to  allow  the  wood  being  operated  on  to  pass  under 
them ;  they  are  fixed  on  turned  upright  pins,  on  which 
they  can  be  made  to  rise  or  fall,  to  suit  varying  thick- 
nesses of  wood.  These  pins  are  fixed  into  turned  rings, 
let  in  flush  with  the  table,  and  as  the  template  conies 
in  contact  with  them  they  move  and  allow  it  to  pass. 

Various  combinations  of  these  machines  are  made, 
with  overhanging  cutter  spindles,  for  recessing,  mould- 
ing purposes,  &c.,  but  our  space  precludes  more  than 
a  passing  notice.  The  power  required  to  drive  is 
small. 
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BAND  AND  FRET  SAW  MACHINES. 

The  band-saw  machine,  although  very  generally  be- 
lieved to  be  of  French  origin,  was  really  the  invention 
of  an  Englishman.  In  the  year  1808  a  patent  was 
taken  out  in  this  country  by  one  William  Newberry  for 
a  machine  for  sawing  wood,  in  which  an  endless  band 
or  ribbon  saw,  strung  over  two  wheels,  was  used.  The 
inventor  also  claimed  the  use  of  it  for  splitting  skins, 
&c. ;  in  this  case  a  plain  steel  or  iron  band,  sharpened, 
but  without  teeth,  was  probably  used.  This  invention, 
although  very  complete  and  original,  lay  dormant  for 
many  years,  probably  through  the  difficulty  of  obtain- 
ing blades  of  sufficient  toughness  to  withstand  the 
strain  put  on  them,  and  the  difficulty  then  found  of 
re-joining  the  saws  when  broken.  As  will  be  seen  from 
our  illustrations  (figs.  20,  21,  22,  and  23),  Newberry's 
machine  possessed  all  the  elements  of  practical  utility, 
and  although,  from  the  inferior  quality  of  the  saws 
then  obtainable,  it  failed  to  realise  the  inventor's  an- 
ticipations, he  is  nevertheless  entitled  to  the  honour  of 
beino-  the  originator  of  one  of  the  most  valuable  of  all 
wood-working  machines. 

It  seems  a  band-saw  machine  was  patented  in 
France  by  M.  Touroude  in  the  year  1815.  and  again 
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in  1845  bj  M.  Thouard ;  but,  owing  to  the  constant 
breakages  of  the  saws,  they  were  only  used  on  a  very 
limited  scale. 

There  is  no  record  of  many  machines  being  con- 
structed on  Newberry's  plan  till  1855,  when  M.  Perin, 
of  Paris,  exhibited  at  the  French  International  Exhi- 


FIG.  20.— NEWBERRY'S  BAND  SAWING  MAC  HINE,  PATENTED  ]  808. 

bition  a  much  improved  machine,  on  which  he  employed 
saws  of  French  manufacture.  From  the  mode  of  tem- 
pering these  saws,  they  were  enabled  to  stand  the 
tension  and  strain  necessarily  put  on  them,  and  to  run 
for  a  considerable  period  without  breakage ;  thus  the 
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one  great  obstacle  to  the  general  use  of  these  machines 
was  removed,  and  after  this  date  they  came  gradually 
into  use. 

Following  M.  Perin's  re-introduction  of  the  band 
saw,  it  was  again  patented  in  this  country  by  M.  Pariente, 
and  once  more  by  Exall  and  Barbour  in  the  year  1856 ; 
so  on  the  whole  it  must  be  held  to  have  been  well 


FIG.  23. 


patented,  but  the  invention  of  the  principle  undoubtedly 
belongs  to  Newberry. 

The  adoption  was  hardly  general,  however,  till 
within  the  last  few  years,  as,  from  the  introduction  of 
badly  proportioned  and  badly  constructed  machines 
with  inferior  saw  blades,  a  strong  prejudice,  on  account 
of  the  loss  arising  from  breakages,  existed  against 
them ;  this,  however,  is  now  entirely  removed.  Fol- 
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lowing  the  Paris  International  Exhibition  of  1855, 
General  Tulloch,  late  of  the  Carriage  Department  of 
the  Royal  Arsenal,  at  Woolwich,  purchased  a  number 
of  machines  from  M.  Perin,  and  others  of  heavier 
construction  were  ordered  ;  this  example  was  soon 
followed  by  others.  These  machines,  serving  as  ex- 
amples to  English  engineers,  led  to  heavier  and  more 
substantial  designs  being  made,  with  other  modifica- 
tions and  improvements,  which  rendered  them  more 
suitable  to  the  heavy  class  of  work  carried  on  in  this 
country. 

Various  patents  for  improvements  of  more  or  less 
value  have  been  taken  out. 

In  1856  Samuel  Worssam  and  John  Grist  obtained 
provisional  protection  for  improvements  in  cutting  and 
shaping  wood  for  felloes  for  wheels  and  such  like  curved 
surfaces.  They  employed  two  band  saws,  set  at  certain 
distances  apart,  and  mounted  the  blanks  from  which  the 
articles  were  to  be  formed  on  a  revolving  platform,  to 
which  motion  was  communicated  by  other  suitable 
gearing.  The  band  saws  were  carried  over  pulleys,  and 
worked  in  the  same  plane. 

In  the  year  1858  Mr.  Henry  Wilson,  of  London, 
took  out  a  patent  for  '  improvements  in  the  mounting 
of  band  saws,'  which  he  describes  as  follows  : — 

'  My  invention  is  intended  to  prevent  the  breaking 
or  snapping  of  band  saws  from  any  sudden  strain,  or 
otherwise,  while  at  work,  and  from  the  liability  to  snap 
on  the  cooling  of  the  saws  after  ceasing  to  work ;  also 
to  allow  of  ready  adjustment  of  the  bearings  of  the 
pulleys  over  which  the  saws  are  stretched.  I  connect 
to  the  bearing  of  the  pulley  over  which  the  saw  is 
stretched  an  upright  rod  or  spindle,  threaded  at  top. 
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pass  over  tlie  thread  or  upper  part  one  arm  of  a  lever, 
and  adjust  the  spindle  to  the  height  required  by  a  nut 
curved  at  bottom  to  fit  any  change  of  position  in  the 
lever,  and  to  allow  of  the  adjustment  of  the  bearing  of 
the  pulley. 

'  The  lever  is  centred  upon  a  pin  supported  upon  a 
pillar.  The  opposite  arm  of  the  lever  is  connected  to 
a  second  vertical  shaft,  or  rod,  the  lower  end  of  which 
is  connected  to  a  vulcanised  rubber  or  other  spring, 
is  carried  down  on  the  outside  of  the  pillar,  and  is  pro- 
vided with  a  screw  adjustment,  or  not,  as  deemed 
necessary.  The  bearing  of  the  pulley  before  named 
being  free  to  move  up  and  down  within  certain  limits, 
it  follows  that  upon  any  strain  upon  or  contraction  of 
the  saw,  the  spring  will  allow  of  the  bearing  yielding, 
and  thus  prevent  the  snapping  of  the  saw. 

'  I  do  not  limit  myself  to  the  precise  arrangement  of 
compound  lever  with  screw  adjustment  and  spring 
compensation,  or  either,  just  described,  although  I 
believe  it  the  best  suited  to  the  purpose  of  my  inven- 
tion ;  but  I  desire  also  to  secure  the  so  connecting  of 
the  movable  bearing  of  a  stretching  pulley  over  which 
the  band  saws  are  stretched  to  a  spring  or  springs,  as 
will  enable  the  saws  to  accommodate  themselves  to  any 
sudden  strain,  and  to  contract  without  snapping.' 

Mr.  A.  Kinder,  of  Westminster,  in  1860  patented 
several  improvements,  consisting  chiefly  of  a  new  form 
of  packing  box,  through  which  the  saw  ran,  either 
horizontally  or  vertically,  and  a  variable  feed  arrange- 
ment for  feeding  the  wood,  consisting  either  of  are- 
verse  cone  motion  or  a  friction  disc  and  pulley. 

In  our  International  Exhibition  of  1862  several 
band  sawing  machines  were  exhibited,  M.  Perin  show- 
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ing  one  in  operation  which,  from  the  dexterity  of  its 
operator  and  from  the  large  amount  of  intricate  and 
ornamental  scroll-work  it  turned  out,  excited  consider- 
able attention.  The  pulleys  carrying  the  saw  were 
clothed  with  leather  and  indiarubber,  in  lieu  of  the 
use  of  tension  springs.  A  break  for  stopping  the 
machine  suddenly  was  also  attached.  Another  French 
firm,  Messrs.  Varrall,  Elwell,  and  Poulot,  of  Paris,  ex- 
hibited a  portable  band  sawing  machine,  with  vertical 
engine  and  boiler  combined.  This  machine  was  fitted 
with  a  feed  arrangement,  consisting  of  two  pairs  of 
rollers  on  vertical  spindles,  between  which  the  wood 
passes.  Only  one  pair  of  rollers  was  driven ;  these 
were  fluted,  adjustable  according  to  thickness  of  cut. 
The  other  pair  of  rollers  were  plain,  and  were  held  hori- 
zontally against  the  wood  by  means  of  a  weighted  chain 
passing  over  a  pulley. 

M.  Zimmermann,  of  Chemnitz,  exhibited  at  our 
Exhibition  of  1862  a  band-saw  machine,  with  an 
arrangement  for  circular  cutting  by  swivelling  the 
work  horizontally  on  the  table  round  a  pivot  fixed  in 
it.  Amongst  the  English  manufacturers  of  band-saw 
machines  perhaps  the  greatest  novelty  exhibited  was  a 
machine  by  Messrs.  Greenwood  and  Batley,  Leeds,  es- 
pecially constructed  for  cutting  curvilinear  shapes,  as 
ribs  for  the  frames  of  ships,  and  other  heavy  work  of 
varying  bevel,  straight  or  curved.  The  table  was 
stationary,  and  fixed  in  a  horizontal  position,  to  carry 
the  work  securely,  and  the  saw  frame  was  hung  on  a 
swivel,  and  could  be  set  to  any  angle  with  the  table. 
When  ships'  timbers  or  ribs  are  being  cut  for  the  bows 
of  the  vessel,  they  require  to  be  cut  to  forms  of  double 
curvature,  to  suit  the  bilge  of  the  vessel,  from  the  keel 
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upwards ;  and,  in  conjunction  with  that,  they  must  be 
adapted  to  the  tapering  shape  of  the  bow.  The  varia- 
tions of  curvature  are  marked  in  degrees  upon  the 
timbers  at  intervals  along  the  curved  line  to  be  cut  out 
on  one  face,  the  degrees  expressing  the  successive 
angles  of  obliquity  ;  and  the  saw  being  swivelled  on  a 
fulcrum,  having  its  centre  at  or  near  the  surface,  is  set, 
by  the  aid  of  a  graduated  scale,  successively  to  the 
necessary  angles.  The  laborious  use  of  the  adze  was 
thus  dispensed  with.  Instead  of  canting  the  saw  table 
to  obtain  the  necessary  bevel  in  the  wood  cut,  the  main 
standard  of  the  machine  was  mounted  on  trunnions, 
so  constructed  that  the  surface  of  the  table  was  on  a 
line  with  the  centre  of  the  trunnion.  The  main  stan- 
dard was  also  fitted  with  a  variable  and  self-acting 
radial  motion.  Thus  when  the  main  standard  was 
canted,  the  saw  was  permitted  to  oscillate  freely,  with- 
out changing  its  position  with  reference  to  the  surface 
of  the  table.  Arrangements  were  also  made  for  fitting, 
if  desired,  a  feed  motion  for  carrying  the  wood  through 
the  saw.  This  motion  could  be  driven  from,  and  com- 
bined with,  the  radial  motion,  so  as  to  produce  in  the 
wood  any  peculiar  bevel  required.  Messrs.  Powis, 
James,  and  Co.  exhibited  a  band-saw  machine  fitted 
with  Wilson's  patent  spring  arrangement  for  preventing 
breakage  to  saws.  The  main  frame  of  the  machine 
was  a  hollow  casting,  and  was  the  first  example  of  the 
introduction  of  the  hollow-casting  system  in  connection 
with  wood-working  machinery.  Messrs.  Worssam  also 
exhibited  a  compact  and  useful  machine,  but  without 
any  special  feature  of  novelty. 

In  1866  Mr.  Henry  Wilson,  London,  patented  the 
combining  in  one  machine  a  band  saw  and  a  jigger,  or 
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fret  saw.  Upon  the  brackets  in  which  the  spindle 
of  each  wheel  round  which  the  band  saw  works,  or 
upon  the  spindles  themselves,  he  attached  an  oscil- 
lating lever.  One  or  both  arms  of  each  lever  carried 
at  their  ends  a  quadrant  or  curved  plate,  and  the  upper 
and  lower  levers  were  connected  to  each  other  by  a  rod. 
The  jigger  saw  was  fastened  in  the  ordinary  manner 
between  the  quadrant  of  the  upper  and  that  of  the 
lower  lever,  and  as  these  levers  were  caused  to  oscillate 
the  saw  received  an  up-and-down  motion,  so  as  to  act 
on  the  wood  or  other  material  being  sawn.  The  oscil- 
lating motion  was  imparted  to  the  levers  by  means  of 
a  link  carried  from  the  lower  lever  to  an  arm  of  a 
wheel  placed  at  the  back  of  the  machine,  or  in  any 
other  convenient  position. 

Included  in  this  specification  is  a  modified  spring 
arrangement  for  allowing  the  saws  to  expand  or  con- 
tract in  working.  This  consisted  in  using  a  spring  like 
a  common  carriage  spring.  This  was  supported  on  a 
bracket,  carried  up  from  the  centre  of  the  head  of  the 
main  framing  of  the  machine.  One  end  of  this  spring 
was  connected  by  a  link  to  the  side  bracket  carrying 
the  upper  saw  wheel,  and  the  other  end  was  connected 
to  the  upper  end  of  an  ordinary  tension  rod,  which  was 
adjustable  by  means  of  a  hand  wheel  and  screw  at  the 
back  of  the  machine. 

In  1869  Mr.  George  Finnegan,  of  Dublin,  patented 
an  improved  form  of  horizontal  band  sawing  machine, 
which  could,  for  a  heavy  class  of  work,  be  used  in  the 
place  of  the  rack  circular-saw  bench  or  large  timber 
frame.  He  claimed  as  novel,  in  connection  with  sawing 
machines,  a  method  for  converting  a  rotary  motion  into 
a  reciprocating  motion,  or  vice  versa  and  an  arrange- 
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ment  for  relieving  tlie  sides  and  backs  of  saw  frames 
from  undue  friction.  The  machine  consisted  of  an  end- 
less band  saw,  strung  and  revolving  on  two  wrought-iron 
wheels  of  some  6  feet  diameter,  fixed  at  either  side  of  a 
travelling  table  which  supported  the  timber  being  oper- 
ated on.  The  saw  was  arranged  to  cut  horizontally, 
instead  of  vertically,  as  in  most  band-saw  machines. 
The  travelling  table  was  driven  by  rack-and-pinion  gear, 
and  the  rate  of  feed  could  be  altered  to  suit  the  timber 
being  sawn.  It  is  claimed  for  this  machine  that  it  will 
cut  a  board  from  a  hard-wood  birch  log,  6  feet  long 
by  23  inches  wide,  in  60  seconds,  and  from  a  pine  log, 
12  feet  long  by  14  inches  wide,  in  27  seconds. 
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CHAPTEE  XIV. 

BAND  AND  FRET  SAW  MACHINES  Continued. 

In  1873  a  patent  for  improvements  in  band  sawing 
machinery  was  taken  out  by  Messrs.  C.  E.  Western 
and  J.  Hamilton.  These  improvements  may  briefly  be 
described  as  follows : — The  pulleys  carrying  the  band 
saw  are  fixed  upon  a  bar,  which  is  mounted  at  one 
end  on  a  pivot  in  the  axial  line  of  the  driving  pulley, 
and  at  the  other  end  is  fitted  to  a  box,  in  which  it  is 
free  to  swivel  and  to  slide  longitudinally.  Both  the 
pivot  and  the  box  are  arranged  to  slide  on  parallel  bars, 
and  are  each  provided  with  gear  by  which  they  can  be 
moved  along  these.  According  as  the  one  or  other  is 
so  moved,  the  saw  is  inclined  more  or  less,  so  as  to 
make  a  more  or  less  oblique  cut.  The  bar  carrying  the 
saw  has  two  brackets,  fitted  with  circular  discs,  having 
guide  slots  for  the  saw  blade,  which  discs  can  be  turned 
so  as  to  twist  the  saw  blade  more  or  less  at  each  side  of 
the  timber.  It  will  thus  be  seen  that  this  machine, 
when  used  for  bevel-cutting,  combines  the  advantage 
of  an  ordinary  machine  with  an  improved  method  of 
canting  the  top  saw  pulley,  instead  of  the  table  on 
which  the  wood  to  be  cut  is  placed,  thus  securing  a 
perfectly  level  surface,  on  which  the  wood  can  be  moved 
with  facility  in  any  required  direction. 
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Mr.  Sansom,  of  London,  in  1874  patented  a  band 
knife  machine,  specially  adapted  for  cutting-  cloth  and 
other  materials.  He  drives  an  endless  steel  band  in  the 
ordinary  manner  over  three  wheels ;  bnt  in  the  place  of 
teeth  the  band  is  sharpened  like  a  knife,  and  an  ar- 
rangement is  fitted  to  the  machine  for  this  purpose. 

The  chief  novelty  consisted  in  the  peculiar  means 
adopted  for  giving  the  required  tension  to  the  band 
knife,  and  to  allow  for  its  expansion  and  contraction. 

The  inventor  makes  the  main  frame  of  this  machine 
to  overhang  considerably  the  table  on  which  the  work 
to  be  operated  on  is  placed ;  this  frame  is  lightly  con- 
structed, and,  although  made  of  cast  iron,  will  '  give ' 
or  spring  when  the  band  knife  is  in  operation,  thus 
lessening  the  chance  of  breakage  to  saws  or  knives, 
which,  in  working  these  machines,  is  an  item  of  great 
importance.  By  thus  constructing  the  frame  of  the 
machine,  considerable  extra  space  is  gained  on  the 
table  for  manipulating  the  cloth  or  other  material 
being  cut. 

A  patent  was  taken  out  in  1876  by  W.  B.  Haigh, 
of  Oldham,  for  improvements  in  band-saw  machines, 
whereby  he  claimed  that  the  power  required  to  drive 
was  considerably  reduced.  The  plan  he  pursued  was 
to  place  one  of  the  wheels  carrying  the  saw  on  a  stud, 
at  one  end  of  a  double  lever,  there  being  at  the  othei- 
end  a  spiral  spring,  the  double  lever  working  on  sv 
fulcrum  or  shaft  running  in  bearings,  placed  in  a  slide 
fitted  to  guides,  and  having  below  the  ordinary  saw- 
tightening  or  regulating  screw  and  nut ;  and  thus,  by 
placing  the  pulley  on  the  arm  of  a  lever,  the  tension 
can  be  so  adjusted  that  much  less  power  is  required  to 
drive  the  saw.     In  the  same  year  M.  Langlois,  of 
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FIG.  24.— knowling's  tatent  band  sawixg  machine. 


work.  In  the  same  year  Mr.  McDowall,  of  Johnstone, 
patented  a  multiple  band  sawing  machine.  He  claims 
the  combining  of  two  or  more  endless  band  saws  in 
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one  machine,  so  as  to  operate  on  the  same  piece  of 
timber,  making  the  standards  of  multiple  band  sawing 
machines  adjustable,  and  mounting  the  pulleys  on  ec- 
centric pins  or  studs,  which  can  be  adjusted  for  different 
thicknesses  of  cut. 

Our  illustration  (fig.  24)  represents  a  machine  em- 
bodying several  improvements  which  have  recently 
been  patented  by  Mr.  Knowling,  of  Newton  Abbott, 
Devon. 

The  chief  points  claimed  as  novel  are : — In  so  con- 
structing the  machine  that  when  the  saw  is  canted  for 
cutting  at  an  angle,  the  table  of  the  machine  shall 
travel  in  a  horizontal  plane ;  undue  strain  on  the  saw 
is  thus  avoided,  and  the  table  carrying  the  wood  is  kept 
at  a  dead  level.  In  most  of  the  ordinary  band  sawing 
machines,  when  it  is  required  to  cut  at  an  angle,  the 
table  carrying  the  wood  is  itself  canted,  and  consider- 
able difficulty  is  found  in  keeping  heavy  timber  in 
position  to  be  fed  through  the  saw.  The  main  frame 
of  this  machine  is  fitted  at  its  base  with  trunnions, 
which  work  in  the  foundation  plate.  A  screw  is  so 
arranged  underneath  the  table,  that,  by  means  of  the 
hand  wheel  shown  in  the  engraving,  the  frame  of  the 
machine  is  canted,  and  the  table  moved  at  the  same 
time.  Another  improvement  consists  in  adjusting  the 
tension  of  the  saw  by  means  of  a  pivoted  arm  or 
bracket,  carrying  the  upper  saw-wheel,  which  is  acted 
on  by  a  screw  bedded  on  a  spring  support  placed  on  a 
fixed  rest.  The  patentee  claims  that  the  invention  can 
be  carried  out  in  canting  the  saw  by  means  of  a  screw, 
worm,  or  other  mechanical  contrivance,  working  on,  or 
in,  or  against  a  movable  metal  frame  carrying  the 
pulleys  actuating  the  band  saw ;  the  said  movable 
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frame  being  journalled  at  its  lower  end,  on  the  same 
centre  as  the  bottom  saw  pulley.  The  table  is  moved 
by  the  same  motion  actuating  the  moving  frame,  which 
for  that  purpose  is  connected  with  it.  The  tension  ad- 
justment can  be  performed  by  constructing  the  brackets 
of  metal  or  other  material,  furnishing  the  brackets  with 
a  spring  or  sliding  bed,  on  one  end  of  which  a  screw 
works,  the  other  end  abutting  against  a  pivoted  arm  or 
bracket,  carrying  the  upper  saw  pulley,  so  that  the 
turning  of  the  screw  separates  the  pulleys  and  tightens 
the  saw.  In  Western's  and  other  patents  several  of  the 
points  herein  mentioned  have  before  been  carried  out 
separately,  but  the  combined  movement  of  saw  and 
table  is  novel,  and  must  be  mentioned  as  a  decided 
advance  in  this  class  of  machines,  and  should  be  found 
of  service  to  cabinetmakers,  chairmakers,  and  others 
requiring  to  cut  much  bevelled  work. 

In  the  International  Exhibition  of  1878  held  in 
Paris,  a  large  number  of  band-saw  machines  were 
shown,  most  of  them  in  operation.  Although  this 
machine  was  chiefly  developed  by  the  French,  they,  of 
most  other  nations  exhibiting,  seem  to  have  made  less 
progress  in  rendering  it  efficient  and  complete  in  its 
every  detail.  We  will  briefly  notice  such  machines  as 
possess  any  special  feature  of  improvement  in  their 
design  or  ai-rangement. 

In  the  English  section  perhaps  the  most  original 
form  of  band  saw  was  that  exhibited  by  Messrs.  Western 
and  Co.,  of  London,  one  of  whose  patents  in  connec- 
tion therewith  we  have  just  described.  To  allow  for 
the  expansion  and  contraction  of  the  saw  blades,  a 
Wilson's  patent  spring  arrangement  was  added;  this 
we  have  also  spoken  of  before.    Messrs.  Charles  Powis 


BAND  AND  FEET  SAW  MACHINES. 


133 


and  Co.,  of  London,  exhibited  in  tlieir  band-saw  macbine 
an  improved  method  of  canting*  the  table  for  bevel- 
sawing  ;  it  consists  of  a  modified  form  of  the  ball-and- 
socket  joint  arrangement. 

For  general  purposes  perhaps  the  most  complete  ma- 
chine in  the  Exhibition  was  that  shown  by  Messrs.  J.  A. 
Fay  and  Co.,  of  Cincinnati,  Ohio,  U.S.A.  Its  general 
construction  differs  considerably  from  English  practice, 
and  is  well  worthy  of  description,  and  we  therefore  illus- 
trate it  (fig.  25).  As  will  be  seen  from  the  engraving, 
the  main  frame  of  the  machine  is  a  flanged  casting,  and 
is  made  in  one  piece.  The  rim  of  the  upper  saw- wheel 
is  made  of  steel,  the  spokes  of  wrought  iron,  and  the 
centre  of  cast,  thus  combining  lightness  and  elasticity 
in  the  greatest  possible  degree,  and  reducing  the  strain 
on  the  saAV.  The  saw-wheel  spindles  are  of  steel,  and 
run  in  self-oiling  bearings ;  these  bearings  are  adjust- 
able for  wear;  the  saw  is  kept  to  its  proper  tension  by 
means  of  a  screw  and  hand  wheel,  and  the  top-saw 
spindle  being  fitted  on  a  slide,  the  weighted  lever  shown 
at  the  back  of  the  machine  compensates  for  any  ex- 
pansion or  contraction  in  the  saw  when  at  work.  Three 
small  metallic  guide  wheels  receive  the  back  thrust  of 
the  saw,  which  is  also  fitted  with  wooden  side  guides, 
and  runs  on  indiarubber,  let  into  the  wheels,  which  are 
made  without  flanges.  The  top  saw-wheel  is  arranged 
to  angle.  The  vertical  guide  bar  placed  in  the  front  of 
the  machine  is  fitted  with  a  retracting  spring,  which 
allows  it  to  be  readily  adjusted  to  the  thickness  of  the 
timber.  The  table  is  arranged  to  cant  for  bevel-sawing 
by  means  of  a  ball-and-socket  arrangement.  A  com- 
bination of  brake  and  striking  gear  allows  the  machine 
to  be  stopped  and  started  gradually.    A  small  brush 
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is  provided  for  keeping  the  wheels  free  from  sawdust, 
and  should  be  of  considerable  use  when  sawing  gummy 
woods;  splasher  guards  are  also  fitted.  In  fact,  the 
machine,  from  its  general  design  and  completeness  of 
detail,  reflects  great  credit  on  the  makers.  The  fast- 
and-loose  pulleys  are  14  in.  diameter,  and  are  speeded 
to  run  at  375  revolutions  per  minute. 

Messrs.  C.  B.  Eogers  and  Co.,  of  Norwich,  Connec- 
ticut, U.S.A.,  exhibited  a  band-saw  machine  carrying 
36-inch  wheels ;  the  spindles  are  steel,  and  run  in  doubk 
bearings ;  these  are  fixed  on  an  adjustable  column  fitted 
into  the  main  framing  of  the  machine,  and  rest  on  a 
thick  indiarubber  roller  or  washer,  which  gives  to  the 
saw  when  in  work  considerable  elasticity,  and  allows  for 
its  expansion  and  contraction.  The  table  is  made  of 
wood,  glued  together  in  strips,  to  prevent  warping.  A 
small  rotating  disc  of  steel  receives  the  back  thrust  of 
the  saw. 

Messrs.  Perin,  Panhard,  and  Co.,  of  Paris,  to  whom 
the  development  of  the  band  saw  is  largely  due,  exhibited 
a  number  of  machines,  but  they  did  not  possess  any 
special  features  of  novelty;  several  of  them  are  fitted 
with  chain  and  other  motions  for  feeding  the  wood  for 
straight  sawing.  Another  machine,  running  at  a  slow 
speed,  and  carrying  a  saw  blade  with  fine  teeth  tem- 
pered as  hard  as  possible,  is  used  for  cutting  cold  iron 
and  steel. 

Eecently  patented  and  fitted  to  a  band-saw  machine 
exhibited  by  M.  Quetel-Tremois,  of  Paris,  is  an  im- 
proved saw  guide.  It  is  constructed  of  gun  metal,  and 
consists  of  three  small  square  oil  boxes,  one  placed  on 
either  side  of  the  saw  and  one  at  the  back.    The  side 
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of  each  of  these  boxes  nearest  the  saw  is  made  movable 
and  adjustable  to  the  gauge  of  saw  by  set  screws  ;  these 
movable  plates  are  made  of  steel  or  other  metal,  and 
a  number  of  small  holes  are  drilled  through  them, 
through  which  the  oil  percolates.  In  addition,  at  the 
back  of  the  saw  is  placed  a  small  revolving  steel  wheel, 
which  receives  the  back  thrust.  Eecording  these  small 
matters  may  to  some  appear  trivial,  but,  owing  to  the 
keen  competition  of  the  day,  anything,  be  it  ever  so 
small,  that  either  saves  labour  or  adds  to  the  productive 
ef&ciency  of  a  machine  all  practical  men  will  admit  is 
of  importance.  And  here  we  may  add  that  it  is  our 
opinion  that  much  of  the  present  success  of  American 
competition  is  due  to  the  attention  paid  to  the  smallest 
details  in  their  machine  construction,  which  either  in- 
creases the  range  of  work  performed,  improves  the 
quality,  or  lessens  the  cost  of  production,  which  saving 
in  a  day  may  be  infinitesimal,  but  when  multiplied  by 
months  or  years  amounts  to  a  gigantic  total.  In  point 
of  fact,  in  comparing  English  and  American  machines 
for  performing  the  same  class  of  work,  many  American 
machines  are  carried  further  than  our  own. 

M.  J,  Fan,  of  Bordeaux,  exhibited  a  machine  in 
which  the  saw  wheels  are  constructed  solid,  of  wood. 
By  this  plan  he  claims  to  drive  with  less  power,  as, 
being  without  arms,  the  wheel  has  less  air  resistance 
to  overcome.  Fixed  directly  to  the  bottom  saw-wheel 
spindle  and  driving  this  machine  was  one  of  P.  Martin's 
rotative  engines,  which  made  some  450  revolutions  per 
minute. 

M.  Arbey,  of  Paris,  shows  a  large  number  of  ma- 
chines, including  a  band  saw  for  cutting  heavy  timber ; 


BAND  AND  FRET  SAW  MACHINES. 


it  is  fitted  with  a  self-acting  travelling  table  for  feeding 
the  timber,  and  a  lateral  movement  for  bringing  the 
timber  up  to  the  saw.  The  travelling  table  was  also 
arranged  with  a  hand-power  chain  reversing  gear.  We 
noticed  on  one  of  the  lighter  machines  a  compact  little 
hand-rest  for  bevel-cutting. 
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CHAPTEE  XV. 

BAND  AND  FEET  SAW  MACHINES  Continued. 

The  origin  of  the  fret-cutting  machine,  which  is  also 
called  the  scroll  or  jigger  saw,  is  obscure,  but  it  was 
in  general  use  long  before  the  band  saw,  both  in  this 
country  and.  America.  For  tracery,  fret  work,  and  other 
internal  cutting,  where  the  endless-band  saw  is  not  ap- 
plicable, the  fret  saw  is  of  considerable  value.  Hand- 
power  fret- cutting,  by  means  of  a  bow  saw,  has  been 
practised  for  a  great  number  of  years.  Of  late  several 
improvements  have  been  introduced,  which  render  it 
more  generally  serviceable,  amongst  which  may  be  men- 
tioned a  flexible  self-adjusting  bow  saw,  patented  by  a 
Mr.  Cotter  in  1 8  7  2 .  In  this  bow-saw  frame  the  stretcher 
is  made  of  steam-bent  beech  wood,  which  forms  a  spring. 
The  stretcher  ends  are  jointed  to  the  side  bars ;  the  top 
of  the  side  bars  are  connected  with  the  stretcher  by  two 
tension  rods,  fitted  with  thumb  nuts  at  their  outer  ends ; 
the  other  ends  pass  into  female  screws  fitted  in  the 
stretcher.  By  turning  these  thumb  nuts  the  tension  of 
the  saw  blade  can  be  varied  at  will.  The  end  of  each 
spindle  for  holding  the  saw  has  a  longitudinal  and 
transverse  slot  for  receiving  the  blade  and  pin;  slots 
to  correspond  are  made  in  the  sliding  tube,  so  that 
when  the  tubes  are  drawn  forward  and  turned  the  saw 
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blade  is  firmly  locked.  The  saw,  by  this  plan,  can 
easily  be  set  or  removed,  and  from  the  flexibility  of  the 
frame  it  is  more  pliable  for  cutting  very  sharp  curves, 
and  is  also  less  liable  to  break  from  sudden  strains  put 
on  it.  Before  the  band  saw  was  introduced,  and  after 
some  years  in  a  measure  took  the  place  of  the  fret  saw, 
almost  all  kinds  of  irregular  or  curved  sawing  was  per- 
formed by  the  fret  saw ;  several  other  plans  were,  how- 
ever, tried,  but  with  little  success. 

From  its  novelty,  a  plan  for  curved  sawing,  invented 
and  patented  by  E.  B.  Wells,  of  Uniontown,  Pennsyl- 
vania, United  States  of  America,  in  1854,  deserves 
notice.  An  angular  incision  was  made  in  a  circular 
saw,  from  the  edge  to  the  centre,  or,  in  other  words,  a 
sector  was  cut  from  the  disc,  which  was  then  sprung, 
by  means  of  washers  and  rings,  to  any  required  degree 
of  curvature.  It  was  termed  an  adjustable,  dished  cir- 
cular saw,  and  was  designed  for  cutting  barrel  staves, 
wheel  felloes,  and  such  like  work.  It  was  intended  to 
be  run  at  a  speed  somewhat  less  than  the  ordinary  cir- 
cular saw. 

Some  fourteen  years  since,  Mr.  Talpey,  of  New  York, 
made  a  fret-saw  machine,  worked  by  the  foot,  which 
embodied  several  improvements. 

A  very  complete  fret-saw  machine  is  also  made  by 
Beach,  of  Montrose,  United  States  of  America.  Motion 
is  given  to  the  saw  by  an  adjustable  friction  pulley  on 
the  crank  shaft,  and  the  speed  can  be  varied  at  will  by 
the  operator  depressing  a  treadle.  The  saw  guides  are 
adjustable  laterally  and  transversely  to  line,  or  to  give 
any  desired  rake  to  the  saw ;  the  cross  heads  are  also 
adjustable  for  wear.  Tension  is  given  to  the  saw  by 
ratchet  gear.    The  working  parts  are  suspended  to  a 
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wrouglit-iron  tubular  shaft,  which  is  held  in  place  by  a 
box  and  lever,  and  balanced  by  a  spring.  An  adjust- 
able steel  bearing-  supports  the  back  of  the  saw,  and  it 
can  also  be  used  to  hold  down  the  work.  An  air  pump 
for  removing  the  sawdust  is  attached  to  the  cross  head. 

Mr.  James  Kennan,  engineer,  of  Dublin,  has  from 
time  to  time  introduced  improvements  into  fret-saw 
machines.  In  1865  he  brought  out  a  simple  machine. 
In  a  vibrating  or  oscillating  frame  a  fret  saw  was 
strained;  the  frame  derived  its  motion  direct  from  a 
triple-action  cam,  having  two  or  more  actuating  surfaces 
on  the  first  motion-shaft,  which  was  worked  by  the  foot. 
On  the  inner  and  outer  peripheries  of  this  cam,  which 
was  a  flange  screwed  to  the  side  arms  of  the  fly  wheel, 
worked  two  pulleys  covered  with  india-rubber,  to  prevent 
noise  when  running.  These  pulleys  were  carried  at  the 
lower  end  of  a  lever,  the  upper  end  of  which  was  keyed 
to  a  rocking  shaft,  which  vibrated  in  bearings  fitted  to 
the  table  of  the  machine.  Two  arms  of  a  C  form  were 
also  keyed  on  to  the  rocking  shaft,  and  the  saw  blade 
strained  between  their  two  vibrating  ends.  By  making 
two  or  more  acting  surfaces  on  the  cam,  any  number 
of  strokes  of  the  saw  can  be  secured.  An  india-rubber 
ball  or  bellows,  inflated  by  the  upward  stroke  of  the 
saw,  was  attached  for  blowing  away  the  sawdust  from 
the  line  of  cut. 

Mr.  W.  J.  Cunningham,  of  London,  patented  about 
1865  a  combined  fret  saw  and  drilling  machine,  of  very 
simple  construction.  The  drill  was  vertical,  and  worked 
by  leverage,  and  could  be  attached  with  advantage  to 
an  ordinary  lathe.  We  have  recently  seen  a  well- 
arranged  machine  especially  adapted  for  dovetail  work, 
designed  by  a  Mr.  McChesney.    The  saw  is  driven  by 
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a  cord  passing  over  three  sheaves,  tvfo  of  which  are 
adjustable,  and  the  tension  of  saw  can  be  regulated 
thereby.  The  main  frame  is  of  C  shape,  and  of  light 
construction,  but,  to  prevent  oscillation,  it  is  braced  by 
means  of  a  wire  rope  passed  round  its  exterior.  The 
table  can  be  set  to  angle,  to  give  the  taper  to  the  wood 
necessary  in  the  curved  form  of  dovetail  it  is  designed 
to  cut. 

Messrs.  J.  A.  Fay  and  Co.,  of  Cincinnati,  U.S.A., 
exhibited  at  the  International  Exhibition  in  Paris  (1878) 
a  very  complete  fret  saw,  which  we  illustrate  herewith 
(fig.  26).  As  will  be  seen  from  the  drawing,  the  body 
of  the  machine  is  cast  in  one  piece.  The  reciprocating 
parts  are  made  very  light ;  the  tension  is  flexible.  The 
upper  end  of  the  saw  is  attached  to  a  strap,  which,  at 
its  upper  end,  is  connected  with  a  segment  pulley  and 
eccentric  roller.  To  this  eccentric  roller  is  attached 
the  straps,  which  are  connected  with  two  steel  springs, 
made  of  a  series  of  thin  plates  of  different  lengths. 
By  this  arrangement  an  almost  equal  tension  through- 
out all  parts  of  the  stroke  of  the  saw  is  secured.  The 
eccentric  roller  is  so  adjusted  that  in  the  downward 
stroke  of  the  saw  the  lessening  flexibility  of  the  steel 
springs  is  compensated  for  by  the  shortened  leverage  of 
the  eccentric  roller.  The  sliding  cross-frame  to  which 
the  springs  are  fitted  is  adjustable  for  dififerent  lengths 
of  saws,  and  the  small  hand  wheel  in  front  of  the 
machine  sets  the  cross  frame  to  any  desired  '  lead.' 
A  patent  combined  brake  and  striking  gear,  worked  by 
the  foot,  is  attached,  and  is  arranged  to  stop  and  start 
the  saw  gradually.  The  fast-and-loose  pulleys  are  six 
inches  in  diameter,  and  are  speeded  to  make  1,100 
revolutions  per  minute. 
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Messrs.  C.  B.  Eogers  and  Co.,  of  Norwich,  U.S.A., 
also  exhibited  a  handy  fret  saw.  The  saw  straining- 
frame  consists  of  a  light  iron  frame,  adjustable  to  dif- 
ferent lengths  of  saw,  and  has  on  either  side  a  hard- 
wood spring,  with  adjustable  tension,  and  is  connected  by 
straps  to  the  saw.  The  saw  is  held  by  a  hook  and  pin 
at  each  end,  which  allows  it  to  be  easily  detached.  The 
back  of  the  saw  is  fitted  with  and  steadied  by  a  guide. 

We  have  seen  another  method  of  holdingf  the  fret 
saw  introduced  in  machines  made  by  J.  Eichards,  of 
Philadelphia.  In  this  machine  the  saw  is  not  sttained 
in  the  usual  manner,  but  supported  by  steel  anti- 
friction guides  fixed  at  its  top  to  prevent  it  turning  and 
give  lateral  and  back  support  at  the  same  time.  The 
saws  are  fastened  to  a  tubular  slide  running  in  bearings, 
and  steel  guides  are  fitted  to  the  end  of  the  sliding 
tube.  A  small  fan-blower  is  attached  for  clearing  away 
the  sawdust.  A  very  good  plan  for  keeping  the  cutting 
line  clear  in  lieu  of  a  fan-blower  is,  to  construct  a  small 
cylinder  with  a  piston  which  can  be  arranged  to  blow 
a  volume  of  air  at  each  downward  stroke  of  the  saw, 
and  will  perform  its  work  very  effectually.  For  light 
ornamental  sawing  a  simple  and  compact  machine, 
worked  by  the  foot,  has  recently  been  patented  by  a 
Mr.  Barnes,  an  American.  The  reciprocating  motion 
is  given  to  the  saw  by  attaching  the  saw  arms  to  a 
continuously  revolving  wheel.  This  wheel  is  driven  by 
straps  attached  to  the  treadle,  and  the  ordinary  crank 
is  done  away  with. 

If,  in  designing  a  band  sawing  machine,  it  was  prac- 
ticable to  embody  some  of  the  various  improvements 
we  have  noticed  without  infringing  patent  rights,  the 
result  should  be  a  comparatively  perfect  tool,  combining 
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tliat  great  desideratum  in  machinery  the  maximum 
amount  of  productive  efficiency  with  the  minimum 
amount  of  complication  and  loss  from  excessive  wear 
and  tear  or  breakage.  As,  however,  this  embodiment 
is  unfortunately  not  practicable,  we  must  content  our- 
selves with  a  few  general  hints,  which  may  be  found  of 
some  service.  The  main  framing  should  be  rigid,  and 
cast  in  one  piece.  For  the  lighter  class  of  machines 
an  ordinary  flange  casting  is  sufficient,  but  for  the 
heavier  type  a  hollow  or  box  frame  is  to  be  preferred. 
Care  should  be  taken  that  the  frame  is  curved  or  bowed 
sufficiently  to  allow  of  ample  room  between  it  and  the 
saw  for  the  easy  manipulation  of  the  work.  The  saw 
wheels  should  be  made  as  light  as  possible,  and  the 
upper  wheel  mounted  in  a  slide,  arranged  to  '  give  '  to 
the  vibrations  or  any  sudden  impact  of  the  saw.  The 
saw -wheel  spindles  should  be  of  steel,  and  run  in 
double  bearings  of  phosphor  bronze.  Sufficient  care 
should  be  taken  as  to  their  lubrication.  The  periphery 
of  the  saw  wheels  should  be  covered  with  india-rubber 
or  two  thicknesses  of  leather,  and  turned  inside  and 
out,  and  accurately  balanced.  To  lessen  the  breakage 
of  the  saws  from  expansion,  contraction,  or  other 
causes,  and  to  keep  them  at  their  proper  tension,  a 
weighted  lever  or  spring  should  be  fitted  to  the  slide 
in  which  the  top  saw-wheel  is  mounted.  Metallic 
friction  guide-wheels  should  be  provided  to  receive  the 
back  thrust  of  the  saw,  and  adjustable  wooden  side- 
guides  should  also  be  added.  On  no  account  should 
the  back  of  the  saw  be  run  against  a  fixed  bearing. 

In  the  heavier  class  of  sawing  it  is  found  that,  no 
matter  how  carefully  it  is  operated,  the  saw  is  apt  to 
buckle  and  run  from  the  line ;  it  is,  therefore,  neces- 
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sary,  in  addition  to  the  ordinary  guides,  to  provide 
some  plan  to  obviate  this  as  far  as  possible ;  this  can 
be  accomplished  by  adding  side  friction  rollers,  placed 
on  a  spindle  vertically,  and  arranged  to  guide  from  the 
teeth  of  the  saw.  The  saw  wheels  should  in  all  cases 
be  made  of  as  large  diameter  as  convenient,  as  the 
friction,  and  consequent  buckling  and  breakage  of  saws, 
is  by  this  means  lessened.  For  very  heavy  sawing 
blades  three  or  four  inches  wide  are  used ;  the  wheels 
should  be  of  not  less  than  5  feet  diameter ;  these  are 
sometimes  constructed  of  wood,  or  of  iron  centres  and 
wooden  rims.  The  upper  saw-wheel  should  in  all  cases 
be  so  arranged  that  it  can  be  set  to  an  angle  with  the 
lower  wheel,  thus  directing  the  saw  to  run  on  any  part 
of  the  periphery,  and  equalising  the  wear  on  the  india- 
rubber  or  leather  covering.  The  table  on  which  the 
work  is  placed  should  be  arranged  to  set  to  an  angle 
for  bevel-sawing.  A  ball-and-socket  movement  is  a 
convenient  plan  for  this  purpose;  the  angle  can  be 
determined  by  a  gauge  and  pointer.  For  light  bevel- 
sawing  a  small  portable  hand-rest  should  be  provided, 
and  for  regular  sweep-cutting,  such  as  wheel  felloes,  chair 
backs,  break  blocks,  &c.,  a  radial  arm  is  useful.  The 
upper  saw-wheel  should  be  arranged  to  rise  and  fall  to 
suit  varying  thicknesses  of  wood,  as  also  the  front  saw 
guide-arm.  It  is  now  the  practice  in  this  country  and 
America  to  construct  the  wheels  carrying  the  saw  with- 
out flanges ;  in  lieu  of  this,  at  any  rate  in  the  larger 
machines,  a  small  loose  roller  should  be  fitted  to  guide 
the  saw  blades  on  the  upper  wheel.  These  larger 
machines  are  sometimes  fitted  with  a  self-acting  feed 
for  straight  sawing.  A  very  good  plan  is  to  arrange 
vertically  on  the  table  two  or  more  rollers,  geared 
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strongly  together,  and  a  fence  adjustable  by  means  of 
a  band  wheel  and  screw  to  thickness  of  cut.  These 
rollers  are  set  in  motion  by  suitable  toothed  or  friction 
gearing,  and  the  wood  is  fed  between  them  and  the 
fence  plate.  The  feed  rollers  should  be  provided  with 
changes  in  the  rate  of  feed,  to  suit  varying  kinds  of 
wood,  and  should  be  adjustable  to  and  from  the  fence 
plate. 

This  self-acting  feed  is  very  useful  where  much  panel 
or  box  work  is  required  in  addition  to  the  ordinary 
curved  sawing,  for  which  a  separate  table  should  be 
used.  In  sawing  the  heaviest  class  of  logs  into  boards 
by  means  of  a  band  saw,  which  in  the  case  of  valuable 
woods  is  oftentimes  done,  in  lieu  of  the  feed  motion 
above  described,  a  travelling  carriage,  actuated  by  a  rack, 
chain,  or  other  suitable  feed,  is  provided.  Band  saws 
are  sometimes  used  for  cutting  iron,  steel,  copper,  &c., 
when  cold.  In  this  case  the  saw  is  driven  at  a  slow 
speed — some  250  feet  per  minute.  The  saw  is  tempered 
specially  hard,  and  is  made  somewhat  taper  from  the 
points  of  the  teeth  to  the  back  of  the  blade.  The  iron 
to  be  sawn  is  fixed  in  a  suitable  cramp  or  vice.  Large 
band-saw  machines  are  also  constructed  to  work  hori- 
zontally, for  breaking  down  heavy  logs.  Tor  this  pur- 
pose the  saw  wheels  are  made  of  large  diameter,  and 
mounted  on  sliding  brackets,  working  on  two  vertical 
columns ;  these  brackets  are  raised  and  lowered  simul- 
taneously by  a  hand  wheel  and  screw.  The  timber  to 
be  cut  is  carried  underneath  the  saw,  on  an  iron  tra- 
velling table,  fitted  with  rack  or  other  feed,  and  a  gauge 
and  pointer  are  provided  to  measure  thickness  of  the 
cut  required.  By  certain  modifications  this  form  of 
horizontal  band-saw  can  be  adapted  for  cutting  ships' 
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timbers  to  the  peculiar  taper  and  bevel  required  in 
forming  their  keels.  In  New  York  band-saw  blades 
are  worked  up  60  ft.  long  by  6  in.  or  8  in.  wide ;  but 
this  large  size  are  rarely,  if  ever,  used  in  this  country. 

The  advantages  gained  in  using  a  well-constructed 
band  sawing  machine  are  many.     In  the  first  place, 
even  in  cutting  heavy  timber  the  power  required  to 
drive  is  small,  and  the  cut  is  continuous.    The  wear 
and  tear  is  small.    As  the  dust  falls  through  the  kerf 
in  sawing,  the  lines  of  the  design  can  easily  be  followed 
by  the  operator.     The  saws  can  be  used  of  very  thin 
gauge,  thus  wasting  little,  which  is  a  consideration  when 
sawing  valuable  woods.    Architectural  designs,  furni- 
ture Avork,  &c.,  of  elaborated  design  can  readily  be 
shEiped  out,  thus  effecting  an  immense  saving  over 
hand  labour.    In  addition  to  cutting  wood,  band  saws 
can  be  arranged  to  cut  iron,  bone,  ivory,  paper,  cloth, 
leather,  and  other  materials.     In  working  band-saw 
machines  care  must  be  taken  that  the  saw  blades  used 
are  of  the  best  possible  quality,  as,  no  matter  how  well 
a  machine  is  constructed,  if  inferior  blades  are  used 
the  loss  from  breakages,  stoppages,  &c.,  will  be  con- 
siderable.   Saws  should  not  be  used  of  greater  width 
or  gauge  than  is  absolutely  necessary.    It  is  a  mistake 
to  suppose  that  saws  of  a  thick '  gauge  or  great  width 
stand  better  than  thin  ones.    The  reverse  is  the  fact  • 
they  should  be  of  exactly  the  same  width  and  thickness 
throughout,  and  of  uniform  temper  and  set.    The  teeth 
of  the  saw  should  be  set  by  blows  on  the  inside  of  the 
blade,  as  in  this  case  they  are  less  liable  to  run  off  the 
wheel.    They  should  be  worked  at  a  moderate  tension. 
The  teeth  of  band  saws  for  ordinary  sawing  should  be 
speeded  to  travel  about  4,000  feet  per  minute. 

L  2 
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CHAPTEE  XVI. 

STEAM  MORTISING  AND  BOEING  MACHINES. 

After  the  forest  tree  lias  been  cut  down,  sawn,  and 
planed  true,  the  next  operation  is  joining  it  together ; 
the  most  general  form  of  joint  is  that  produced  by 
the  mortise  and  tenon.  We  shall  in  another  place  notice 
the  operation  of  mortising  as  performed  bj  hand-power 
machines;  we  now  purpose  taking  the  larger  class  of 
mortising  machines  worked  by  steam,  and  adapted  to 
the  hea-vier  work  required  by  railway-waggon  builders, 
shipbuilders,  contractors,  and  others. 

Mortising  machines  may  be  briefly  divided  into  two 
classes — those  in  which  the  chisel  or  cutter  is  worked 
with  a  reciprocating  motion  and  those  in  which  it  is 
worked  by  a  rotary  motion.  These  two  motions,  how- 
ever, admit  of  many  modifications,  to  suit  the  different 
classes  of  work  or  material  operated  on.  In  this  country 
and  Amea-ica  machines  with  a  reciprocating  motion  are 
most  in  favour,  whilst  France  and  other  Continental 
nations  generally  prefer  a  rotary  motion. 

The  invention  of  the  mortising  machine  is  generally 
attributed  to  Sir  Samuel  Bentham,  in  the  year  1793. 
In  1807  Brunei,  in  connection  with  Henry  Maudslay, 
made  several  machines  for  the  Government,  which  were 
in  successful  operation  at  Portsmouth  Dockyard  and 
elsewhere  for  many  years.   These  machines  were  chiefly 
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used  for  mortising  ships'  blocks,  which  operation  had 
hitherto  been  performed  by  manual  labour.  Eees,  in 
his  'Cyclopaedia'  (1819),  says,  *The  framing  of  all 
these  machines  is  made  of  cast  iron,  and  many  of  those 
parts  which  are  exposed  to  violent  and  rapid  motion 
are  made  of  hardened  steel,  to  avoid  wearing;  and 
where  this  is  impracticable  such  parts  are  formed  so 
that  they  can  readily  be  renewed  when  worn  out,  the 
trifling  repairs  to  cutting  tools,  &c.,  being  made  by  the 
workman  on  the  spot.  These  circumstances  we  par- 
ticularly recommend  to  the  attention  of  manufacturers 
who  have  occasion  to  employ  extensive  sets  of  ma- 
chinery ;  for  this,  when  well  constructed,  though  ex- 
pensive in  the  erection,  is  cheaper  in  the  end  than 
imperfect  works,  which  require  constant  repair,  the 
expense  of  which  is  the  least  evil,  as  it  generally  happens 
that  a  machine  will  fail  at  that  time  when  it  is  most 
wanted,  in  consequence  of  being  then  most  worked ;  and 
the  loss  occasioned  by  the  stoppage  of  great  works,  par- 
ticularly where  many  people  are  employed,  is  too  evi- 
dent to  require  our  notice.  In  the  same  manner,  an 
attention  to  neatness  in  the  appearance  of  machinery 
has  its  advantages,  by  inducing  the  workmen  to  be 
careful  of  the  machines  they  work  at,  to  preserve  them 
from  the  slightest  injury,  and  to  keep  them  clean  from 
dust,  which,  trifling  as  it  may  appear,  is  a  very  essential 
part-preservation  of  those  parts  which  are  in  rapid 
motion  with  friction  against  other  parts,  for  dust  get- 
ting between  such  surfaces  grinds  them  away  very  fast 
and  in  their  most  essential  points.'  We  commend  the 
above  paragraph  to  the  attentive  perusal  of  manufac- 
turers and  designers  of  any  kind  of  machinery,  as  it 
conveys  several  wholesome  lessons. 
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The  mortising  machines  designed  by  Brunei  were 
arranged  to  cut  the  mortises  in  several  blocks  at  one 
time.  As  many  chisels  as  there  were  mortises  to  be 
cut  were  fitted  to  a  vertical  frame  or  slide,  working 
between  standards  somewhat  similar  to  the  ordinary 
saw-frame.  This  vertical  frame  received  a  reciprocat- 
ing motion  from  a  crank  and  connecting  rod.  The 
blocks  to  be  mortised  were  fixed  on  an  iron  travelling 
table,  arranged  to  pass  underneath  the  chisels ;  motion 
was  communicated  to  the  travelling  table  by  means  of 
a  ratchet  wheel  and  screw,  so  constructed  that  the  table 
was  moved  forward  the  thickness  of  the  chip  it  was 
intended  to  cut  at  each  stroke  of  the  chisels.  The  table 
also  had  a  hand  feed  Avorked  by  toothed  gearing,  by 
which  the  operator  could  bring  it  up  to  the  proper  point 
for  commencing  the  mortise.  The  chisels  were  pro- 
vided with  small  teeth,  which  were  fitted  into  dovetailed 
notches,  formed  in  the  blade  of  the  chisel,  and  called 
scribers.  They  had  a  sharp  edge  projecting  a  small 
distance  beyond  the  inside  edge  of  the  chisel,  and  there- 
fore in  descending  through  the  mortise  the  scribers  cut 
the  sides  of  the  mortise  clear,  and  cut  at  the  same  time 
two  clefts,  which  separate  the  chip  which  is  to  be  cut 
out  by  the  next  stroke  at  its  edges  from  the  inside  of 
the  mortise,  so  that  the  chip  comes  out  clear,  without 
splitting  at  the  edges,  thus  making  the  inside  of  the 
mortise  as  clear  and  smooth  as  possible.  Each  chisel 
had  also  a,  piece  of  steel  fixed  on  it  before  the  edge  by 
a  screw  which  projects  from  the  middle  of  it,  and  is 
screwed  into  its  blade,  the  upper  end  of  the  piece  being 
received  in  a  notch  or  groove  formed  in  the  chisel.  This 
piece  is  for  clearing  the  chips  out  of  the  mortise  as  fast 
as  they  are  cut,  for  though  in  general  these  fall  down 
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the  block,  jet  it  may  happen  they  will  stick  in,  in  which 
case,  without  this  precaution,  they  would  clog  up  the 
mortise  with  chips,  so  as  to  impede  the  proper  action 
of  the  chisel.  There  were  three  machines  of  different 
sizes  in  operation,  and  the  medium-sized  machine  was 
speeded  to  make  as  many  as  400  strokes  per  minute, 
and  the  work  turned  out  is  reported  to  have  been  of 
first-class  quality. 

For  some  years  no  especial  improvements  on 
Brunei's  mortising  machinery  seem  to  have  been  made 
in  this  country.  Some  thirty  years  ago  Mr.  Buck,  an 
American,  invented  a  machine  with  a  somewhat  in- 
genious action.  The  tool  or  chisel  holder  was  arranged 
to  slide  between  guides,  and  was  actuated  by  a  link 
similar  to  that  used  in  the  slide  gear  of  a  locomotive  ; 
this  link  was  worked  by  a  crank,  or  eccentric.  The 
link  was  shifted  by  a  treadle,  so  that  when  the  block  of 
the  tool-holder  is  at  the  fulcrum  end  of  the  link  the 
chisel  is  at  a  standstill,  and  the  further  the  tool-holder 
block  is  from  the  fulcrum  the  longer  is  the  stroke. 

A  mortising  auger  for  making  square  holes,  in- 
vented by  Mr.  A.  Branch,  of  New  York,  was  described 
in  the  '  Franklin  Journal '  of  Philadelphia  in  the  year 
1826.  It  was  stated  to  consist  of  an  auger,  formed, 
like  the  American  screw  auger,  with  the  twisted  part 
enclosed  in  a  case  or  socket,  extending  from  the  upper 
part  of  the  twists  to  the  cutting  edge,  allowing  the 
small  entering  screw  to  project  beyond  it.  The  ex- 
ternal form  of  the  socket  is  either  square  or  otherwise, 
according  to  the  intended  shape  of  the  hole  to  be  bored, 
a  large  portion  of  its  sides  being  cut  away  to  allow  the 
chips  to  escape.  The  lower  end  of  the  socket  is  steel, 
with  a  sharp  cutting  edge  bevelled  towards  the  inside. 
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The  cutting  edges  are  not  allowed  to  terminate  in  right 
lines,  but  are  made  concave,  so  as  to  admit  the  angular 
points  to  enter  the  wood  first,  this  causing  it  to  cut 
with  greater  ease  and  more  smoothly  than  it  otherwise 
would.  The  upper  part  of  the  socket  forms  a  collar, 
which  works  freely  on  the  shank  of  the  auger  just 
above  the  twisted  part,  and  is  retained  in  its  place  by 
a  pin  and  other  appendages.  When  a  longitudinal 
hole  or  mortise  is  wanted,  two  or  more  augers  are  placed 
side  by  side,  furnished  with  their  appropriate  sockets, 
and  retained  in  their  places  by  various  contrivances. 
This  form  of  auger  was  invented  about  the  same  time  in 
England  by  a  Mr.  Thomas  Hancock,  of  London,  and  for 
some  classes  of  mortising  it  is  in  use  at  the  present  day. 

In  1853  Messrs.  Slater  and  Tall  brought  out  some 
novel  machinery,  especially  adapted  for  cutting  the 
wood  work  necessary  in  the  manufacture  of  carpenters' 
planes.  A  mortising  machine  for  forming  the  sloping 
sides  of  the  cavity  in  the  plane  block  necessary  for  the 
iron  was  very  ingeniously  devised,  and  may  be  briefly 
described.  The  cutting  irons  or  chisels  were  bolted  to 
two  slides,  facing  each  other,  and  working  in  dovetail 
grooves  on  the  face  of  two  inclined  standards.  The 
upper  end  of  each  of  these  slides  was  joined  to  a  con- 
necting rod,  and  the  lower  ends  of  both  these  rods  to  a 
crank  pin,  fitted  to  the  face  of  a  cast-iron  disc.  This 
disc  was  keyed  on  to  the  end  of  a  driving  shaft,  run- 
ning in  bearings,  and  fitted  with  fast-and-loose  driving 
pulleys.  The  plane  block  to  be  mortised  is  held  by 
screw  clamps  upon  an  inclined  bed,  set  to  an  angle 
corresponding  to  the  different  inclinations  of  the  sides 
of  the  cavity  required  in  the  plane  block.  When  the 
machine  is  m  motion  the  two  cutters  descend  simul- 
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taneously  and  commence  their  cut  close  together,  on 
the  face  of  the  plane  block,  and  gradually  widen  as  the 
block  is  set  up,  until  the  angular  cavity  is  cut  out  the 
required  depth.  Another  machine  was  designed  for 
cutting  the  grooves  in  the  cheeks  of  the  plane's  cavity. 
This  machine  was  fitted  with  expanding  cutters,  which 
expanded  gradually  at  each  stroke,  thus  deepening  the 
grooves  in  the  block.  When  the  proper  depth  of  the 
groove  was  attained,  the  expanding  mechanism  was 
thrown  out  of  gear.  Each  of  the  expanding  cutters 
had  three  cutting  edges ;  the  outside  edges  widened 
the  groove  or  slot  in  the  plane  block  at  each  descent  of 
the  cutters,  and  the  bottom  edge  cleared  the  wood 
away.  The  general  arrangement  and  details  of  these 
machines  reflect  the  highest  credit  on  their  designers, 
and  may  be  studied  with  advantage  by  students  and 
others. 

About  this  date  also  (1853)  Messrs.  Bunten  and 
Lamb,  of  Glasgow,  made  some  machines  for  mortising 
and  tenoning.  In  their  machine  the  mortising  tool 
was  held  in  a  spindle  fitted  in  a  small  frame  formed 
with  slides,  and  working  in  vertical  guides.  A  recip- 
rocating motion  was  given  to  this  frame  by  an  eccentric 
movement  overhead.  The  eccentric  shaft  was  carried 
by  a  frame  having  a  vertical  traverse  movement ;  and 
by  means  of  a  foot  lever,  which  was  connected  to  the 
frame  by  a  rod,  the  mortising  tool  could  be  brought 
deeper  into  the  wood,  as  required.  The  spindle  carry- 
ing the  mortising  tool  had  upon  it  a  pinion  in  gear 
with  a  short  rack  working  in  a  slot  across  the  frame  ;  a 
pin  carrying  a  friction  pulley  was  fitted  to  the  back  of 
the  rack,  and  projected  through  the  slot.  This  friction 
pulley  acted  on  a  transverse  sliding  piece,  by  which  the 
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mortising  tool  was  reversed  when  required,  without 
stopping  the  machine. 

Mr.  H.  B.  Smith,  of  Lowell,  Massachusetts,  U.S.A., 
in  the  same  year  patented  a  plan  for  reversing  mortising 
chisels  by  the  foot.  A  grooved  pulley  was  fitted  to  the 
chisel  bar;  round  this  pulley  ran  a  gut  band ;  this  band 
was  prevented  from  reversing  the  chisel  by  a  stop 
piece ;  a  motion  of  the  foot,  however,  released  the  stop 
piece,  and  allowed  the  chisel  bar  to  make  just  one  half- 
turn,  thus  reversing  the  chisel  without  stopping  the 
machine.  A  novel  form  of  machine  for  mortising  blind 
slats  was  also  invented  by  Mr,  Smith,  who  arranged 
the  chisels  to  work  by  means  of  a  series  of  cams  on  a 
revolving  wheel.  Two  pieces  of  iron,  of  triangular 
section,  were  mounted  in  guides,  and  so  arranged  that 
together  they  formed  a  prism  of  some  2  inches  square, 
each  half  having  a  separate  movement.  In  the  ends  of 
these  sliding  pieces  were  mounted  chisels,  the  bevelled 
sides  towards  each  other;  these  chisels  enclosed  the 
mortise  between  them ;  and  they  could  be  made  to  any 
length  or  form  desirable.  The  chisels  were  first  driven 
singly,  which  marked  out  and  sunk  the  mortise,  and 
then  simultaneously,  which  removed  the  core.  The 
machine  was  arranged  to  set  to  any  angle  and  to  any 
distance  desired  between  the  slats,  and  to  stop  itself  as 
each  operation  was  completed. 

Another  American,  Mr.  B.  H.  Otis,  of  Syracuse, 
New  York,  about  this  time  also  introduced  several 
improvements  into  mortising  machines,  including  a 
method  of  varying  the  stroke  of  the  chisel  by  a  kind 
of  link  motion,  which  was  derived  from  any  point  in  a 
slotted  lever.  By  means  of  a  suitable  bend  in  the  shaft 
the  link  block  may  be  placed  exactly  in  a  line  with  its 
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axis,  whicli  position  it  assumes  wlien  released  by  the 
workman,  and  the  chisel  is  immediately  stopped,  A 
novel  device,  applicable  to  treadle-made  machines,  for 
relieving  the  foot  of  the  operator  from  the  unpleasant 
jarring  usually  felt,  was  fitted  to  this  machine.  The 
treadle  movement  was  transmitted  through  a  triangular 
frame  or  wedge  piece,  the  obliquity  of  which  was  about 
equal  to  its  angle  of  friction,  so  that  little  of  the  usual 
jarring  could  be  transmitted  to  the  workman. 

Prior  to  and  following  our  Exhibition  of  1851  con- 
siderable progress  was  made  in  mortising  machinery 
in  this  country  as  well  as  in  America.  In  1849  Mr. 
W.  E..  Douglas,  of  Inveralmond,  Mid-Calder,  designed 
a  machine  for  mortising,  tenoning,  boring,  and  ripping 
timber.  The  mortising  was  done  by  means  of  a  fly 
wheel  and  double  crank,  connected  to  a  cross  head, 
to  which  the  chisel  was  fixed.  The  wood  was  passed 
beneath  the  chisel  between  two  guides,  one  fixed  and 
the  other  movable,  to  suit  different  thicknesses. 

To  cut  tenons,  the  mortising  chisel  was  removed, 
and  a  frame  containing  two  saws  was  fixed  to  the  cross 
head.  On  the  driving  shaft  was  fixed  an  eccentric, 
which  communicated  motion  to  a  ratchet  wheel,  which 
fed  the  wood  beneath  the  saws.  The  ripping  saw  was 
driven  by  a  large  fly  wheel. 

In  the  year  1852  Thomas  Guild,  an  American, 
introduced  several  very  important  improvements  into 
reciprocating  mortising  machines,  notably  an  arrange- 
ment for  graduating  the  stroke  of  the  chisel  by  means 
of  a  treadle,  which  set  it  in  motion,  and  by  the  aid 
of  a  rod  and  links  controlled  its  stroke.  By  another  ar- 
rangement this  machine  was  enabled  to  cut  a  mortise 
nearly  equal  in  depth  to  the  whole  length  of  its  stroke. 


156 


WOOD-WORKING  MACHINERY. 


Although  certain  modifications  have  from  time  to  time 
been  introduced  into  it,  it  has  substantially  held  its 
own  to  the  present  day  as  the  most  advanced  machine 
of  its  class. 

In  1853  Varrall  patented  a  form  of  mortise  chisel 
in  which  a  small  double-pointed  tooth  was  centred  in 
a  recess,  and  arranged  so  as  to  project  only  as  the  chisel 
rose,  thus  drawing  the  chips  out  with  it ;  this  plan  is, 
however,  calculated  easily  to  get  out  of  order,  and  has 
never  been  much  used.  About  this  time  also  a  chisel 
having  serrated  edges  and  a  bird's-mouth  point  was 
patented  by  a  Mr.  Meyer. 

In  1854  Mr.  Adancourt,  an  American  engineer,  de- 
signed for  use  in  mortising  and  boring  machines  a  some- 
what novel  form  of  expanding  boring  bit,  by  means  of 
which  conical  holes  could  be  bored  any  desired  depth, 
and  the  chips  removed  without  boring  right  through 
the  wood.  In  making  it  a  bit  or  auger  was  formed  in 
the  usual  manner,  and  then  divided  longitudinally  into 
two  unequal  parts,  the  thicker  section  being  formed 
with  the  entering  centre  of  the  bit,  whilst  the  other 
was  sprung  outwards,  as  far  as  was  necessary  for  the 
widest  hole  intended  to  be  cut.  An  open  collar  was 
then  fitted  over  the  shank  of  the  bit,  so  as  to  press  the 
spring  side  section  against  the  centre.  The  frame  or 
collar-piece  consisted  of  a  pair  of  solid  disc  collars,  con- 
nected by  two  inclined  side  arms,  the  propelling  points 
of  which  extended  down  to  the  cutting  points  of  the  bit. 
When  the  bit  was  in  operation,  these  points  rested 
against  the  material  being  bored,  and  as  the  boring  pro- 
ceeded the  collar  frame  was  gradually  pushed  upwards, 
thus  releasing  the  spring  section  of  the  bit  and  giving  it 
an  expanding  width  for  the  formation  of  a  conical  hole. 
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In  our  International  Exhibition  of  1862  a  number 
of  mortising  machines  were  shown.  Messrs.  Green- 
wood and  Batley,  of  Leeds,  exhibited  a  well-designed 
machine,  fitted  with  a  graduated  stroke,  worked  by  a 
treadle  arrangement.  The  chisel  was  reversed  by  a 
hand  lever,  and  kept  in  position  by  a  spring  catch. 
The  table  carrying  the  wood  had  lateral  and  transverse 
movements,  and  was  fitted  with  trunnions,  which  could 
be  set  to  angle  for  bevel  mortising. 

Messrs.  Robinson  and  Sons,  of  Rochdale,  exhibited 
a  machine  fitted  with  a  vertical  and  horizontal  self- 
acting  feed.  The  horizontal  transverse  feed  was  worked 
by  a  cam  and  ratchet  motion.  The  vertical  or  descend- 
ing feed  was  effected  by  means  of  a  revolving  screw, 
with  a  fixed  bearing  within  the  chisel  bar,  working 
through  a  nut  in  the  stud,  by  which  the  chisel  bar  was 
driven.  The  screw  was  made  to  revolve  by  bevel  gear 
from  the  crank  shaft,  and  descending  through  the  nut, 
carried  the  chisel  bar  with  it,  thus  giving  the  descend- 
ing feed. 

The  machines  shown  by  the  French  engineers  con- 
trasted considerably  with  the  English  exhibits,  being, 
without  exception,  constructed  on  the  rotary  principle. 
M.  Perin,  of  Paris,  exhibited  a  traversing  mortising 
machine.  The  mortise  was  formed  by  a  traversing 
rotary  cutter,  working  from  a  horizontal  spindle.  The 
cutter  used  for  deep  mortises  was  a  kind  of  double 
gouge,  with  cutting  edges  for  penetration,  and  two 
longitudinal  cutting  edges  for  traversing.  For  shallow 
mortises  a  double  cutter  was  used,  fitted  to  a  steel 
spindle.  On  this  spindle  two  helical  threads  were 
cut,  by  which  the  chips  were  removed.  The  spindle 
was  fitted  in  a  movable  traversing  frame,  which  car- 
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ried  also  a  cutter  for  squaring  out  the  ends  of  the 
mortise. 

MM.  Bernier  and  Arbey,  of  Paris,  showed  a  wooden- 
framed  machine,  in  which  the  gouge  or  cutter,  which 
worked  horizontally,  was  of  somewhat  peculiar  form. 
In  appearance  it  was  similar  to  an  ordinary  gouge, 
■with  a  web  at  its  extremity,  subtending  the  arc  like  a 
segment  of  a  circle ;  it  was  found  to  penetrate  well,  and 
readily  cleaned  itself.  A  double-ended  square  chisel, 
squared  at  both  edges,  with  two  inclined  surfaces  meet- 
ing at  the  middle,  was  used  for  squaring  the  ends  of  the 
mortises,  which  it  did  without  reversing. 

M.  Zimmermann,  of  Chemnitz,  exhibited  a  rotary 
mortising  machine,  the  cutter  of  which  was  traversed 
by  hand,  but  it  possessed  no  special  feature  of  novelty. 

Following  our  Exhibition  of  1862,  improvements  in 
mortising  machinery  were  made  by  Barton,  McDowall, 
Wilson,  and  others.  In  McDowall's  machines  a  chisel 
with  a  serrated  back  is  used,  by  which  plan  the  saving 
of  a  considerable  amount  of  time  is  claimed,  and  also 
that  the  core  is  withdrawn  at  every  stroke  of  the  chisel, 
and  prevented  from  jamming  itself  into  a  compact  mass, 
which  oftentimes  bends  or  breaks  the  tool,  and  causes 
considerable  trouble  in  removal. 

In  1872  Mr.  J.  Eichards,  of  London,  took  out  a 
patent  for  an  improved  mortising  and  boring  machine, 
especially  adapted  for  joiners'  work.  It  is  made  by 
Messrs.  A.  Kansome  and  Co.,  of  London,  and  as  it 
contains  some  features  of  interest,  and  departs  some- 
what from  the  beaten  track,  we  illustrate  it  herewith 
(figs.  27  and  28).  The  main  framing  is  a  hollow  box 
casting.  The  chisel  bar  or  spindle  is  fitted  in  bearings 
on  the  face  of  the  main  framing,  and  is  driven  by  a 
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connecting  rod  from  a  crank,  whicli,  with  its  shaft,  is 
placed  at  the  base  of  the  machine,  thus  securing  greater 
freedom  from  vibration  when  running  at  high  speeds. 
The  chisel  bar  reciprocates  freely  through  the  bearing 
and  grooved  pulley,  shown  at  the  top  of  the  machine, 
but  is  prevented  from  revolving  by  means  of  a  feather. 
On  the  under  side  of  the  pulley  are  two  stop  pieces, 
that  come  in  contact  with  a  rod.  A  gut  band  passes 
round  this  pulley,  over  the  idle  pulley,  and  round  the 
crank  or  driving  shaft  at  the  base  of  the  machine.  This 
band  maintains  a  torsional  strain  on  the  chisel  bar, 
which,  on  the  stop  rod  being  drawn  down,  commences 
to  rotate ;  but  by  releasing  this  rod  the  chisel  bar  is 
allowed  to  make  one  half-rotation  only,  being  brought 
to  a  standstill  by  the  two  stop  pieces  before  spoken  of. 
Thus  the  chisel  is  instantly  reversed  in  either  direc- 
tion. The  table  on  which  the  wood  to  be  mortised  is 
placed  is  raised  or  lowered  by  a  foot  lever,  by  which 
method  the  chisel  is  enabled  to  enter  the  wood  gradually 
to  the  required  depth,  thus  obviating  the  great  jar 
which  occurs  in  machines  in  which  the  chisel  is  allowed 
to  have  a  positive  stroke.  When  the  machine  is  work- 
ing in  hard  wood  the  boring  spindle  is  used  to  form  a 
clearance  before  the  mortising  is  commenced.  This  is 
generally  found  unnecessary  in  soft  wood.  The  table 
carrying  the  wood  can  be  set  to  angle  for  diagonal 
mortises.  The  chisel  is  speeded  to  make  600  strokes 
per  minute — a  rate  very  much  in  excess  of  that  adopted 
by  most  other  makers.  This  machine  has,  on  the 
whole,  much  to  commend  it,  in  general  design  and  handi- 
ness  of  details,  and  the  work  turned  out  is  of  superior 
quality.  This  type  of  machine  is,  however,  not  new,  as 
a  similar  machine  has  been  constructed  for  many  years 
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in  America  and  elsewhere,  differing  only  in  minor 
details.  The  workmanship  exhibited  in  one  of  these 
machines  we  have  lately  seen  in  operation  was  extremely 
good. 

In  the  Paris  International  Exhibition,  1878,  several 
mortising  machines  were  exhibited,  but  none  possessing 
any  striking  feature  of  novelty.  Messrs.  Eobinson  and 
Son,  of  Rochdale,  showed  a  compact  little  combined 
rotary  mortising  and  planing  machine.  The  planing 
table  was  arranged  to  rise  and  fall,  and  the  wood  was 
passed  over  the  cattling  iron.  For  slot  mortising  the 
wood  was  brought  rapidly  up  to  the  cutter  by  a  quick- 
threaded  screw. 

We  noticed  one  English  firm  of  some  standing  ex- 
hibited a  mortising  machine  with  a  positive  stroke — 
that  is,  the  chisel  is  driven  to  the  bottom  of  the 
mortise  at  the  first  blow,  a  plan  in  every  way  objection- 
able, but  this  may  be  cited  as  an  example  of  the  con- 
servatism that  exists  amongst  some  engineers  even  of 
the  present  day.  Messrs.  Gibson,  of  Jonsered,  Sweden, 
exhibited  a  machine  constructed  after  the  American,  or 
what  is  known  as  '  Guild's  patent.'  In  this  class  of 
machine  the  chisel  is  stopped  and  started  by  a  treadle 
movement. 
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CHAPTER  XVII. 

STEAM  MORTISING  AND  BORING  MACHINES — continued. 

Although  mortising  machines  may  be  classified  under 
two  heads,  reciprocating  and  rotar}'^,  these  motions  are 
subjected  to  many  modifications  or  arrangements 
adapted  to  different  or  special  classes  of  work.  It  was 
the  practice  in  this  country  for  some  years  to  construct 
reciprocating  machines  with  a  positive  blow — that  is, 
the  chisel  was  allowed  to  plunge  into  the  wood  the  full 
depth  of  the  mortise  at  the  first  stroke,  thus,  in  hard 
wood  especially,  causing  an  undue  strain  on  the  ma- 
chine, breakage  to  chisels,  and  other  evils.  This  plan 
has  very  generally  been  modified,  or  altogether  aban- 
doned. For  door  sashes  and  such  like  light  work,  perhaps 
the  most  simple  and  convenient  form  to  construct  a 
machine  is  so  to  arrange  the  chisel  bar  that  it  has  a 
positive  and  continuous  motion,  and  the  wood  that  it 
can,  by  the  foot  or  other  means,  be  raised  gradually  up 
to  receive  the  action  of  the  chisel.  By  this  plan  the 
chisel  is  allowed  to  enter  the  wood  by  degrees,  working 
deeper  and  deeper  at  each  stroke,  and  the  jar  and 
concussion  before  spoken  of  are  done  away  with.  It 
also  has  the  additional  advantage  of  simplicity,  and 
can  safely  be  driven  at  a  higher  rate  of  speed.  The 
table  carrying  the  wood  should  be  arranged  to  angle  in 
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either  direction  for  bevel  mortising,  and  to  travel 
laterally  under  the  chisel— a  rack  and  pinion  is  a  con- 
venient motion.  For  light  mortising  the  wood  is  often 
not  clamped,  but  fed  to  the  chisel  by  hand. 

In  some  of  the  American  mortising  machines — 
which,  on  the  whole,  may  be  said  to  be  in  advance  of 
ours— we  have  seen  a  novel  form  of  compound  treadle 
arranged  to  produce  a  varying  throw  of  the  table,  as 
the  change  of  work  or  depth  of  mortise  may  render 
necessary.  An  additional  advantage  in  this  treadle  is 
that,  though  the  machine  may  be  run  at  a  high  speed, 
little  vibration  is  felt  by  the  operator.  In  a  large 
number  of  the  American  machines  the  chisel  bar  is 
arranged  with  a  graduated  stroke.  This  motion  is 
obtained  by  lengthening  the  connection  from  the 
eccentric  to  the  chisel  bar,  starting  from  a  still  point 
above  the  extreme  upper  throw.  This  form,  although 
possessing  several  advantages  for  the  heavier  classes  of 
work,  is  considerably  more  complicated  and  less  durable 
than  the  machine  in  which  the  crank  shaft  has  a  fixed 
position.  In  all  machines  a  separate,  vertical  boring 
spindle  should  be  provided,  of  sufficient  range  to  reach 
the  bottom  of  the  deepest  mortise.  The  centre  of  the 
boring  bit  should  be  exactly  in  a  line  with  the  centre 
of  the  chisel,  so  that  after  a  clearance  hole  has  been 
bored  in  the  wood,  it  has  only  to  be  moved  laterally  to 
bring  it  directly  under  the  chisel's  action.  In  gradu- 
ated-stroke  machines  the  table  carrying  the  wood, 
in  addition  to  lateral  and  transverse  adjustments, 
should  be  arranged  to  rise  and  fall  to  suit  different 
thicknesses. 

For  mortising  wheel  stocks  a  separate  slide  must  be 
provided,  fitted  with  chucks  or  centres,  to  take  the 
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place  of  tlie  ordinary  table,  and  the  stock  is  held  be- 
tween them.  A  dividing  or  index  plate  should  be 
attached  to  one  of  the  centres,  and  so  arranged  that 
any  number  of  mortises  can  be  cut  in  the  stock  without 
the  necessity  of  marking  out.  The  length  of  the  mor- 
tises can  be  regulated  by  stops  or  otherwise.  As  a 
certain  amount  of  angle,  or  '  dish,'  is  required  in  these 
mortises,  the  table  carrying  the  centres  must  be 
arranged  to  cant. 

Another  form  of  machine,  of  American  origin,  but 
first  made  in  this  country  some  five-and-twenty  years 
ago,  is  arranged  with  the  chisel  bar,  crank  shaft  and 
its  connections,  fitted  on  a  slide ;  and  they  are  all 
brought  down  to  the  work  by  a  connecting  rod  and 
counter-weighted  treadle,  thus  enabling  the  chisel  to 
enter  the  wood  gradually.  When  the  foot  of  the  opera- 
tor is  removed  from  the  counter-weighted  treadle,  the 
slide  and  chisel  will  rise  from  the  work.  This  form  of 
machine  can  only  be  recommended  for  the  lighter  class 
of  mortising,  as  for  the  heaviest  railway  and  other 
work  the  vibration  is  found  to  be  excessive. 

We  have  seen  some  well-arranged  machines  of  this 
class  made  by  Messrs.  C.  B.  Eogers  and  Co.,  of  Norwich, 
Conn.,  U.S.A.,  whose  patent,  we  believe,  it  originally 
was.  Their  method  of  reversing  the  chisel  deserves  no- 
tice. When  one  end  of  a  mortise  is  completed,  the 
operator  removes  his  foot  from  the  counter-weighted 
treadle,  the  chisel  slide  rises,  and  the  chisel  is  reversed 
by  a  worm  on  the  chisel  bar ;  it  is  then  brought  down 
again  into  action,  and  the  mortise  is  completed. 

In  mortising  machines  for  the  heaviest  class  of 
work  the  boring  spindle  can  with  advantage,  in  addi- 
tion to  its  ordinary  boring  operations,  be  arranged  for 
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slot  mortising.  This  can  be  secured  by  mounting  the 
spindle  in  a  bracket  sliding  transversely  on  the  face  of 
the  main  column  of  the  machine,  and  motion  can  be 
imparted  to  this  bracket  bj  an  adjustable  crank  driven 
from  a  countershaft. 

Machines  are  sometimes  constructed  where  the 
stroke  of  the  chisel  is  governed  by  a  variable  eccentric, 
which  increases  or  diminishes  the  throw  in  either  direc- 
tion ;  but,  except  for  very  special  purposes,  these,  owing 
to  the  increased  vibration  and  consequent  wear,  cannot 
be  recommended. 

Having  discussed  briefly  the  various  forms  of  mor- 
tising machines  with  a  reciprocating  motion,  which,  by 
the  way,  must  be  considered  by  far  the  most  important 
class,  we  conclude  our  notice  with  a  few  remarks  on 
rotary  machines.  The  principle  of  cutting  mortises 
with  a  rotary  bit  or  cutter  (invented  and  described  by 
Bentham,  1793)  has  the  great  advantage  of  simplicity, 
but  has  the  disadvantage  of  leaving  the  ends  of  the 
mortise  round  and  not  square,  as  in  the  reciprocating 
machines;  but  when  used  for  chair-maker's  work, 
posts,  &c.,  Avhere  a  round-headed  mortise  is  no  detri- 
ment, it  has  many  advantages.  Amongst  others  it  can 
easily  be  applied  and  worked  in  conjunction  with  saw 
benches,  tenoning,  and  other  machines  possessing  hori- 
zontal spindles  running  at  a  sufficiently  high  rate  of 
speed.  For  chair  or  other  work  where  a  large  number 
of  duplicate  pieces  are  required,  it  is  much  more  expe- 
ditious than  a  machine  with  a  reciprocating  motion, 
and  can  readily  be  applied  to  either  curved  or  straight 
work.  In  saw  benches  and  machines  with  spindles  in 
a  fixed  position  the  wood  is  usually  cramped  on  a 
slide,  which  receives  a  transverse  motion  from  a  hand 
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lever.  It  is  fed  forward  to  tlie  mortising  auger  by  a 
hand  wlieel  and  screw,  or  other  suitable  means.  This 
slide  or  table  is  made  to  rise  and  fall,  and  is  fitted  with 
adjustable  stops,  which  accurately  gauge  the  length 
and  depth  of  the  mortise.  This  arrangement  is  found 
very  serviceable  for  many  kinds  of  rough  mortising, 
such  as  posts  for  fencing,  hurdles,  &c. 

Eotary  or,  as  they  are  sometimes  called,  slot  mor- 
tising machines  are  often  used  for  mortising  the  heavier 
class  of  railway- waggon  and  other  work.  The  wood  is 
usually  cramped  firmly  on  a  travelling  carriage  or  bed 
with  a  self-acting  motion.  The  spindle  carrying  the 
mortising  auger  is  mounted  in  a  slide  having  vertical 
and  transverse  movements,  and  is  brought  to  the  work 
by  a  lever.  The  depth  of  the  mortise  is  regulated  by 
stops  on  the  slide  frame,  and  the  length  by  stops  on  the 
travelling  carriage. 

Some  years  back  a  Mr.  Lemmans,  an  American, 
designed  and  patented  a  very  complete  rotary  mortising 
and  boring  machine,  especially  adapted  for  chair  work, 
either  straight  or  curved.  One  end  of  the  spindle  car- 
rying the  mortising  auger  moved  in  a  ball-and-socket 
joint,  which  allowed  the  spindle  to  revolve,  and  the 
vibrating  end  to  be  moved  in  any  desired  direction.  By 
means  of  a  curved  bar  upon  which  the  movable  end  of 
the  boring  spindle  slides,  either  curved  or  straight 
mortises  could  be  produced.  When  the  curved  bar  is 
placed  horizontally,  the  mortises  are  straight,  but  when 
inclined  to  the  perpendicular  they  are  curved.  An  ad- 
justable crank  and  connecting  rod  served  to  regulate 
the  traverse  of  the  mortising  auger.  The  table  on 
which  the  wood  is  cramped  is  moved  by  a  lever  and 
rack  and  pinion,  by  which  the  depth  of  the  mortise  can 
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be  regulated  ;  and  the  table  is  also  raised  or  lowered 
by  a  band  wheel  and  screw,  to  suit  the  different  positions 
of  the  mortises.  When  a  number  of  small  mortises  in 
hard  wood  are  required,  mortising  machines  on  the 
rotary  principle  should  be  adopted,  as  being  more  ex- 
peditious and  easier  of  management  than  the  recipro- 
cating machines,  as  in  these  considerable  inconvenience 
is  caused  from  the  bending  of  narrow  chisels,  the  diffi- 
culty of  removing  the  core  in  deep  mortises,  &c. 

A  convenient  form  of  machine  for  this  class  of  work 
is  one  in  which  the  revolving  auger  is  made  to  have  a 
traversing  movement,  by  means  of  an  adjustable  crank, 
the  wood  being  stationary.  By  this  plan  no  difficulty 
is  found  in  removing  the  core  even  from  the  deepest 
mortises.  Arrangements  should  be  added  to  vary  the 
speed  of  the  mortising  auger,  according  to  the  nature 
or  quality  of  the  wood  being  operated  on. 

For  boring  and  mortising  blind  stiles,  &c.,  Messrs. 
J.  A.  Fay  and  Co.,  of  Cincinnati,  United  States  of  Ame- 
rica, have  introduced  an  ingenious  machine.  The  stiles 
are  mortised  or  bored  in  pairs.  The  boring  spindles 
are  worked  by  means  of  a  cam,  which,  after  each  ope- 
ration is  completed,  returns  to  its  original  position, 
ready  for  the  next  pair  of  stiles.  The  depth  of  the 
mortises  is  regulated  by  a  vertical  adjustment  of  the 
spindles,  and  the  distances  between  the  mortises  by  a 
rack  to  which  the  spindles  are  attached.  They  can  be 
cut  at  an  angle,  if  desired.  The  stiles  are  held  firmly 
whilst  being  worked,  but  are  released  and  fed  forward 
as  required  by  a  self-acting  feed,  which  cramps  them 
again  as  before.  In  France  the  great  majority  of  the 
mortising  machines  are  on  the  rotary  principle;  a 
simple  hollow  bit  is  used,  and  the  round  ends  of  the 
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mortise  are  afterwards  squared  bj  a  double-faced  chisel. 
Machines  adapted  for  boring  only  are  constructed  in 
endless  variety,  according  to  the  nature  and  quantity 
of  the  work  to  be  performed. 

The  operation  of  boring  holes  in  wood  by  mechanical 
means  is  doubtless  very  ancient,  but  when  the  first  com- 
bination that  may  be  dignified  by  the  name  of  '  machine ' 
was  first  constructed  we  have  no  record  to  show.  Sir 
Samuel  Bentham's  oft-quoted  patent  specification  (1 793) 
contains  a  long  description  of  tools  and  appliances  for 
boring  wood,  including  most  of  the  ordinary  boring 
tools  now  used.    Before  the  introduction  of  iron  pipes 
for  carrying  water,  wooden  pipes  were  used,  and  these, 
it  seems,  were  bored  by  machinery.    Belidor  speaks  of 
a  machine  for  this  purpose,  where  the  tree  to  be  bored 
was  securely  fixed  on  a  travelling  carriage.    A  vertical 
shaft,  put  in  motion  by  a  water  wheel,  is  made  to  give 
rotary  motion  to  a  horizontal  shaft,  carrying  at  its 
extremity  an  auger.    Motion  was  also  given  to  a  drag 
wheel,  the  rope  on  which  was  attached  to  the  travelling 
carriage  bearing  the  tree,  so  that  as  the  borer  cut  its 
way  the  travelling  carriage  was  gradually  drawn  towards 
its  work  till  the  hole  was  cut  through.    The  carriage 
was  now  run  back,  and  a  larger  auger  introduced,  till 
the  hole  attained  the  requisite  diameter.    By  another 
plan  the  tree  was  made  to  revolve. 

A  Mr.  Murdock,  in  1810,  took  out  a.  patent  for  an 
improved  machine  for  forming  wooden  or  stone  pipes. 
For  boring  wood  he  employed  a  hollow  cylinder,  fitted 
at  its  extremity  with  a  circular  trepanning  saw.  The 
tree  was  placed  vertically  above  the  cylinder  to  admit 
of  the  dust  falling  out  of  the  saw  kerf  as  the  operation 
proceeded.     The  boring  cylinder  was  given  a  rotary 
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motion  bj  means  of  rope  gear  worked  bj  manual  laboar, 
and  as  the  saw  cut  its  way  the  core  entered  the  hollow 
of  the  cylinder  whole,  thus  wasting  little  material. 

The  general  form  of  machine  at  present  in  use  is 
too  well  known  to  need  much  description.  For  special 
purposes,  such  as  boring  dowel  holes  in  chair  frames, 
or  where  a  large  quantity  of  similar  work  has  to  be 
performed,  especial  means  must  be  adopted.  For  chair 
work  the  writer  can  confidently  recommend  the  follow- 
ing plan : — In  a  circular  frame  or  pulley  mount  hori- 
zontally two  or  more  boring  spindles,  in  arms  swinging 
radially  from  a  centre  spindle.  These  arms  must  be 
capable  of  being  moved  round,  and  fixed  to  any  part  of 
the  circumference  of  the  circular  frame,  according  to 
the  distance  apart  it  is  desired  to  bore  the  holes.  A 
sliding  table,  with  vertical  and  transverse  movements, 
should  be  fitted  horizontally  beneath  the  boring  bits, 
to  carry  the  wood.  Stops  to  regulate  the  depths  of  the 
holes  can  be  fitted  to  the  table,  and  the  whole,  with  fast 
and  loose  pulleys  and  countershaft,  can  be  mounted  on 
a  suitable  column.  Should  it  be  required  to  bore  the 
holes  at  an  upward  or  downward  angle,  the  table  can 
be  fitted  with  a  radial  adjustment.  For  general  pur- 
poses what  is  known  as  the  American  screw  auger  is 
the  most  expeditious  and  reliable  form  of  boring  bit  to 
use. 

In  designing  mortising  and  boring  machines  with  a 
reciprocating  movement  it  is  important  that  the  main 
column  should  be  of  sufiicient  strength  to  overcome 
the  continuous  vibration  of  the  chisel.  The  hollow  or 
'cored'  pattern  column,  with  an  extended  base,  is 
undoubtedly  the  most  satisfactory  form.  We  need 
hardly  add  that  the  workmanship  must  necessarily  be 
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of  the  very  best,  this  applying  more  especially  to  the 
machines  constructed  with  a  graduated  stroke,  whose 
reciprocating  parts  should  combine,  in  the  greatest 
possible  degree,  lightness  and  strength.  In  the  gra- 
duating movement  each  part  should  be  bored,  turned, 
and  compensated,  or  this  form  of  machine  will  be  found 
to  deteriorate  rapidly. 


CHAPTER  XVIII. 

TENONING  MACHINES. 

Mortising  and  tenoning  are  so  inseparably  connected, 
as  being  together  in  fact  the  principal  joint  used  in 
wood-working,  that,  following  mortising,  we  naturally 
discuss  tenoning  machines.  The  invention  of  a  system 
or  machine  for  cutting  tenons  otherwise  than  by  kand 
labour  is  generally  attributed,  and  we  believe  correctly, 
to  Sir  Samuel  Bentham,  in  1793  ;  at  any  rate,  there  is 
no  doubt  that  he  was  the  inventor  of  the  principle  of 
rotary  cutters  for  working  wood,  and  that  about  this 
time  machines  for  forming  tenons  were  made  and  sup- 
plied to  the  Government  of  this  country.  There  is  not, 
however,  as  far  as  we  are  aware,  any  record  of  the 
system  pursued,  or  whether  the  tenons  were  formed 
with  saws  or  cutters.  Tenons  were  formerly  cut  by 
hand,  with  what  is  known  as  a  tenon  saw ;  a  plan  of 
cutting  them  with  an  arrangement  of  reciproca,ting 
chisels  seems  to  have  been  tried  also,  and  abandoned, 
as  slow  and  uncertain.  The  machines  at  present  in 
use  may  be  divided  into  three  classes,  as  follows  :— 
(1)  Machines  which  form  the  tenons  with  cutters 
running  parallel  or  vertical,  and  working  across  or  with 
the  grain  of  the  wood.  (2)  Machines  which  form  the 
tenons  by  an  arrangement  of  saws.    (3)  Machines  in 
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which  the  wood  to  be  tenoned  is  held  vertically,  and 
passed  between  circular  cutter  discs  or  saws.  These 
three  principles  are,  however,  often  combined  or  modi- 
fied^ to  suit  special  requirements. 

Class  No.  1,  with  cutters  working  parallel  and 
across  the  grain  of  the  wood,  is  the  most  simple  and 
generally  adopted  system  for  all  ordinary  classes  of 
work.  In  these  machines  two  or  more  cutter-block 
spindles,  revolving  at  a  high  speed,  are  mounted  in 
sliding  brackets,  having  vertical  screw  adjustments, 
which  can  be  worked  either  independently  or  simulta- 
neously, upon  the  face  of  an  upright  column.  Some- 
times the  upper  cutter-block  spindle  is  furnished  with 
a  lateral  movement  in  addition,  to  enable  it  to  cut  one 
shoulder  of  a  tenon  longer  than  the  other,  if  wished. 
The  wood  to  be  tenoned  is  cramped  on  a  travelling 
table  having  a  transverse  movement,  but  working 
parallel  to  the  centre  of  rotation  of  the  cutter  blocks. 
This  travelling  table  is  usually  mounted  on  friction 
pulleys,  running  in  V-shaped  guides,  and,  except  in  the 
heaviest  machines,  which  are  fitted  with  a  self-acting 
motion,  is  traversed  to  and  fro  by  hand.  The  adze 
irons  or  cutters  are  flat,  and  are  arranged  at  an  angle 
on  the  blocks  which  gives  a  kind  of  shearing  cut;  seg- 
ments of  saws  or  lancets  are  fitted  at  right  angles  to 
the  block,  for  cutting  the  shoulders  of  the  tenon.  For 
cutting  double  tenons  a  vertical  spindle,  fitted  with  a 
'  drunken  '  saw  or  cutter  disc,  is  provided  ;  for  scribing 
the  shoulders,  in  lieu  of  the  saw,  a  suitable  cutter 
disc  or  block  is  substituted.  The  cutter-block  spindles 
are  driven  by  an  '  in-and-out '  belt,  which  passes  over 
an  idle  tightening  pulley,  which  can  be  adjusted  to  any 
required  degree  of  tension  by  means  of  a  pulley  and 
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weighted  rope  or  hand  wheel  and  screw,  thus  securing 
a  constant  and  uniform  grip  of  the  belt. 

For  the  heaviest  class  of  work,  such  as  is  used  in 
the  construction  of  railway  waggons,  &c.,  which  is 
sometimes  too  heavy  to  be  traversed  readily  past  the 
cutter  blocks,  a  plan  often  pursued  is  to  mount  on  a 
vertical  spindle  three  movable  cutter  blocks,  which  can 
be  adjusted  to  cut  single  or  double  tenons  of  any  size. 
This  cutter  spindle  is  mounted  on  a  travelling  carriage, 
and  is  made  to  traverse  past  the  end  of  the  timber 
to  be  tenoned,  which  is  carried  on  a  suitable  table, 
attached  to  the  main  frame  of  the  machine.  The 
timber,  when  under  the  action  of  the  cutters,  is  cramped 
tightly  against  a  fence,  which  is  arranged  to  cant  for 
cutting  diagonal  tenons. 

After  hand  labour  the  first  mechanical  method 
adopted  in  forming  tenons  was  by  an  arrangement  of 
circular  saws,  working  at  right  angles  to  one  another 
(Class  2),  those  running  parallel  to  the  grain  of  the 
wood  cutting  the  sides,  and  those  at  right  angles  the 
shoulders,  of  the  tenon.  The  two  saws  cutting  the 
sides  of  the  tenon  are  of  the  same  diameter  and 
mounted  on  the  same  spindle,  a  collar  being  placed 
between  them  to  regulate  the  thickness  of  the  tenon  ; 
the  saws  forming  the  shoulders  are  mounted  on  separate 
spindles,  running  at  right  angles  to  the  above.  This 
method  of  cutting  tenons  has,  however,  almost  entirely 
given  way  in  favour  of  the  rotary-cutter  system,  which 
produces  a  higher  class  of  work  at  a  greater  speed, 
and  is  much  easier  of  adjustment  for  special  purposes. 
For  cutting  simple  tenons  on  a  rising  spindle  saw-bench 
it  is,  however,  of  value,  and  some  French  engineers 
even  now  construct  machines  on  this  system ;  but  for 
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what  reason  this  coaservatism  exists  we  are  at  a  loss 
to  see.  For  cutting  round  or  oval  tenons,  such  as  are 
used  for  the  spokes  of  wheels,  blind  slats,  &c.,  the  plan 
adopted  in  America  is  to  carry  the  cutter  head  round 
the  piece  to  be  tenoned,  or  to  make  it  rotate  against  a 
revolving  cutter-block.  Tenoning  machines,  working 
with  rotary  cutters,  similar  to  those  now  in  use,  were 
first  made  in  America — at  any  rate,  in  any  numbers — 
by  the  late  Mr.  J.  A.  Fay — originator  of  the  well-known 
firm  of  that  name  now  trading  at  Cincinnati,  U.S.A. — 
in  the  year  1840,  or  thereabouts.  The  framings  of 
these  machines  were  of  wood  ;  they  were  well  designed 
and  constructed,  had  most  of  the  adjustments  as  now 
in  use,  and  are  reported  to  have  turned  out  a  large 
amount  of  excellent  work ;  in  fact,  it  may  be  said  that 
of  all  the  wood- working  machines  these,  since  their 
first  introduction,  have  received  less  alteration  in  their 
general  design  and  functions  than  any  other.  Of  course 
various  minor  modifications  and  improvements  have 
been  introduced  from  time  to  time,  as  experience  or 
necessity  has  dictated ;  but  the  inventor  or  designer  of 
a  machine  for  so  important  an  operation  in  wood-work- 
ing as  tenoning,  that  has  stood  the  test  of  a  long 
series  of  years  without  any  important  alteration,  must 
have  been  a  man  of  no  mean  talent,  especially  when  we 
consider  the  many  thousands  of  machines  that  have 
during  these  years  been  constructed  on  this  principle. 

One  of  these  wooden-framed  machines  was  shown 
in  London,  at  our  International  Exhibition  of  1851  ; 
it  was  copied  by  several  English  firms,  and  has  been 
manufactured  extensively  ever  since. 

In  our  International  Exhibition  of  1862  several 
tenoning  machines  were  exhibited,  but  none  possessing 
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any  special  feature  of  novelty.  A  heavy  tenoning  ma- 
chine shown  by  Powis,  James,  and  Co.,  London,  was 
fitted  with  a  self-acting  table,  which,  after  the  tenon 
was  formed,  was,  by  means  of  a  clutch  coupling,  re- 
versed at  double  speed.  In  the  machine  exhibited  by 
Robinson  and  Son,  of  Rochdale,  the  cutters  were  twisted 
obliquely,  and  so  screwed  to  the  block. 

MM.  Bernier  and  Arbey,  Paris,  showed  a  machine 
in  which  the  cutters  revolved  at  right  angles  to  the 
wood,  and  with  the  grain — the  reverse  of  the  general 
English  method,  which  works  across  the  grain. 

About  the  year  1866  Powis,  James,  and  Co., 
of  London,  introduced  an  improved  tenoning  and 
cross-cutting  machine,  especially  adapted  for  cutting 
single  or  double  tenons  on  the  diagonals,  sides,  and 
bearers  of  railway  waggons,  and  similar  work.  The 
table  carrying  the  timber  had  a  self-acting  traverse 
motion,  and  was  constructed  to  carry  four  waggon  sole- 
plates  at  once.  It  was  also  arranged  with  a  circular 
swivelling  motion,  so  that  when  the  one  end  of  the 
timber  had  passed  through  the  cutters,  the  table  was 
swivelled  round,  and  the  other  end  subjected  to  the 
same  operation  on  its  return  motion.  A  circular  cross- 
cutting  saw  was  mounted  on  a  slide,  fitted  to  a  separate 
column  on  the  bed  plate  of  the  machine.  This  saw  was 
arranged  to  cross-cut  the  pieces  of  timber  being  te- 
noned, thus  bringing  them  all  to  one  uniform  length. 

A  few  years  since  C.  B.  Rogers  and  Co.,  of  Nor- 
wich, U.S.A.,  patented  some  improvements  in  tenoning 
machines,  consisting  chiefly  of  a  novel  form  of  adjust- 
ing screws  for  regulating  the  cutter  blocks  and  the 
thickness  of  the  tenon.  This  screw  is  made  hollow, 
and  v/orked  through  a  lock  nut  at  the  top  of  the  main 
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column ;  it  is  attached  to  the  top  cutter-hlock  sliding 
brackets,  and  is  operated  by  a  hand  wheel.  Inside  the 
hollow  screw  is  fitted  another  small  screw,  which  is 
worked  by  a  crank  handle  above  the  hand  wheel  before 
spoken  of;  this  smaller  screw  passes  through  a  lock 
nut  in  the  bottom  cutter-block  bracket.  By  moving 
the  crank  handle  the  lower  cutter  block  is  moved,  and 
the  space  between  the  blocks  is  adjusted  to  suit  the 
thickness  of  tenon ;  the  bottom  lock-nut  now  fastens 
it  in  position.  By  moving  the  hand  wheel  and  hollow 
screw,  both  cutter  blocks  are  moved  at  once,  and  can  be 
adjusted  to  any  desired  height  above  the  table  carrying 
the  wood ;  they  are  then  fixed  firmly  in  their  position 
by  means  of  the  top  lock-nut.  If  the  two  lock  nuts 
are  slackened,  and  the  hand  wheel  turned,  the  upper 
cutter-block  alone  moves.  The  vertical  scribing-spindle 
block,  or  '  cope  head,'  as  it  is  called  in  America,  moves 
with  the  horizontal  cutter-blocks ;  but  it  can  be  ad- 
justed separately,  if  desired.  The  upper  cutter-block 
slide  has  lateral  adjustment  for  tenons  with  varying 
shoulders,  and  a  pulley  and  weight  are  arranged  to 
take  up  automatically  the  slack  of  the  driving  belt. 
An  apparatus  for  setting  the  knives  is  also  provided, 
and  altogether  this  machine  is  of  an  advanced  type, 
and  has  much  to  commend  it  in  its  general  details  and 
convenience  for  working  and  adjusting. 

Amongst  the  tenoning  machines  adapted  for  special 
purposes  may  be  mentioned  the  American  blind  slat 
machine,  patented  by  a  Mr.  Ellis.  It  is  constructed  to 
cut  the  cylindrical  tenons  and  shoulders  on  both  ends 
of  a  blind  slat  at  the  same  time.  Two  sets  of  small 
circular  saws  are  mounted  on  spindles  running  in 
brackets,  each  having  lateral  adjustment.    Fitted  to 
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these  brackets  are  two  revolving  disc  guides,  slotted 
througli  their  sides  to  receive  the  blind  slats  and  feed 
them  to  the  saws.  The  slat  being  made  to  revolve, 
the  periphery  of  the  saw  always  cuts  from  the  edge  of 
the  slat  to  the  centre,  thus  forming  a  cylindrical  tenon. 
It  is  adjustable  to  different  lengths  and  widths  of  slats, 
and  the  size  of  the  tenon  can  be  also  varied.  The  slats 
are  fed  by  hand.  For  the  same  purpose  Messrs.  J.  A. 
Fay  and  Co.,  of  Cincinnati,  make  a  very  complete 
machine,  with  a  self-acting  feed ;  it  is  a  combination 
of  the  patents  of  Ellis  and  Bickford.  By  an  arrange- 
ment of  the  saws,  two  tenons  are  cut  and  divided  at 
one  operation.  A  pressure  on  a  treadle  causes  the  slat — 
which  is  fed  end-ways  through  rotating  discs  or  chucks 
— to  revolve,  and  carries  it  to  the  saws  ;  by  releasing 
the  treadle,  the  slat  is  stopped  and  fed  to  a  gauge,  and 
the  driving  belt  is  slackened,  so  as  to  slip  and  not  drive. 
The  plan  of  cutting  tenons  with  cii^cular  saws  or  discs 
is  generally  confined  in  this  country  to  circular  saw 
benches,  or  the  cla,ss  of  combination  machines  known 
as  general  joiners. 

In  designing  tenoning  machines  with  rotary  cutters, 
care  should  be  taken  that  the  main  column  is  of  suffi- 
cient strength  to  overcome  the  vibration  of  the  cutter 
blocks ;  a  hollow  or  cored  pattern  is  the  best  form. 
The  table  carrying  the  wood  should  also  be  cast  in  one 
piece,  and  both  column  and  table  fixed  securely  to  a 
strong  foundation-plate.  The  cutter  blocks  and  bear- 
ings should  have  lateral  and  vertical  adjustment ;  they 
can  be  fixed  in  dovetail  slides,  and  adjusted  laterally  by 
a  hand  wheel  and  screw  \  these  slides  should  be  scaled, 
so  that  shoulders  of  unequal  length  can  be  cut  to  any 
desired  gauge.  The  adze  blocks  should  never  be  shifted 
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on  their  spindles  to  effect  this  object,  as  the  practice  is 
both  dangerous  and  uncertain.  The  scribing  spindles 
for  cutting  double  tenons,  &c.,  should  have  both  lateral 
and  vertical  adjustment.  The  cutters  used  should  be 
of  thin  section,  and  fixed  at  an  acute  angle.  We  have 
found  cutters  with  a  steel  face  and  wrought-iron  back 
the  most  suitable,  and  less  liable  to  accident.  The 
carriage  carrying  the  vrood,  which  is  traversed  by  hand, 
should  be  very  light,  and  run  on  grooved  rollers  work- 
ing on  V-shaped  guides.  It  should  be  fitted  with  a 
straight  fence  bar,  and  a  quadrant  for  bevelled  shoulders, 
both  accurately  scaled.  A  sliding  stop  for  setting  out 
lengths  should  also  be  provided,  with  a  suitable  cramp, 
fitted  with  a  quick- threaded  screw  for  holding  down  the 
wood.  As  the  cutter-block  spindles  and  bearings  are 
made  movable,  a  complete  and  uniform  grip  of  the  inter- 
laced driving-belt  must  be  secured ;  a  grooved  pulley, 
with  rope  and  weight,  as  it  works  automatically,  is  per- 
haps the  most  convenient  and  simple  arrangement,  and 
is  generally  to  be  found  on  the  most  advanced  type  of 
American  machines ;  on  these  machines,  too,  an  appa- 
ratus is  provided  for  setting  the  knives.  The  driving 
pulleys  and  belt  should  be  made  wider  than  is  the  prac- 
tice on  most  machines,  as  tne  cut  taken  is  considerable. 
We  have  found  the  belts  known  as  '  Helvetia  leather  ' 
are  the  best  for  this  purpose,  as  they  are  ta.nned  some- 
what rough  on  the  surface,  are  very  pliable,  and  grip 
the  face  of  the  pulleys  well.  The  spindles  should  be  of 
steel,  the  bearings  adjustable,  and  made  of  a  hard  gun- 
metal  or  phosphor  bronze,  and  care  should  be  taken  as 
to  their  lubrication. 

Our  illustration  (fig.  29)  represents  an  improved 
tenoning  machine,  especially  adapted  for  the  class  of 
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work  required  by  builders,  joiners,  pianoforte  makers, 
cabinetmakers,  &c.  It  will,  in  addition  to  cutting 
tenons  up  to  6  inches  in  thickness  by  22  inches  wide, 
accomplish  the  most  delicate  work  required  by  cabinet 
and  pianoforte  makers.  The  top  cutter- spindle  and 
bearings  are  adjustable  laterally  in  a  dovetail  slide,  by 
means  of  a  screw  obviating  the  uncertain  method  of 
shifting  the  adze  block  on  its  spindle,  for  cutting  tenons 
with  shoulders  of  unequal  length.  The  fence  bar  and 
quadrant  for  bevelled  shoulders  are  accurately  scaled. 
The  machine  and  countershaft  are  self-contained,  and 
carried  on  a  strong  iron  bed-plate,  cast  in  one  piece. 
A  '  drunken '  saw  is  fitted  on  a  vertical  spindle  at  the 
back  of  the  machine,  for  forming  double  tenons.  The 
cutter  spindles  are  of  steel,  and  the  bearings  of  phos-^ 
phor  bronze. 
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CHAPTEE  XIX. 

*  GENERAL  JOINERS  '  AND  COMBINATION  MACHINES. 

The  combining  of  the  functions  of  several  machines 
into  one,  under  the  title  of  '  general  or  universal 
joiners,'  is  of  comparatively  modern  origin,  and  is  more 
or  less  confined  to  this  country,  as  we  find  very  few 
machines  of  this  class  in  use  in  America  or  on  the 
Continent,  although  it  is  doubtless  preferable,  where 
the  machines  can  be  fully  and  constantly  employed, 
that  they  should  be  separate  and  distinct;  but  as  a 
large  number  of  the  building  establishments  in  this 
country  are  not  of  sufficient  extent  to  so  profitably 
employ  them,  a  well-designed  combined  machine,  per- 
forming a  considerable  range  of  work,  and  produced  in 
the  first  instance  at  a  moderate  cost,  cannot  but  be  of 
considerable  value.  On  the  first  introduction  of  '  general 
joiners '  they  were  very  generally  condemned,  it  being 
held  that  it  was  impossible  to  combine  satisfactorily  in 
one  machine  so  great  a  range  of  work.  This  idea  has  now, 
however,  been  sufficiently  disproved,  although  a  large 
number  of  engineering  abortions  tended  for  some  time  to 
throw  discredit  on  these  very  useful  machines ;  we  re- 
member one  production  especially,  made  some  years  back 
by  a  firm  of  repute.  In  this  combination  no  less  than 
five  distinct  machines  were  crowded  together  on  one  bed 
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plate.    As  these  necessarilj  ran  at  short  centres,  were 
inconvenient  to  work,  and  cost  nearly  as  much  as 
separate  machines,  we  can  hardly  see  what  can  be  urged 
in  their  favour.    We  need  hardly  remark  that  very  few, 
if  any,  were  made  after  the  first  one.    We  believe  the 
first  *  general  joiner '  was  designed  by  a  Mr.  Whines,  in 
the  year  1858,  and  was  made  by  the  firm  of  Samuel 
Worssam  and  Co.,  of  London,  who  exhibited  one  of 
them  in  the  International  Exhibition  of  1862 ;  it  has, 
however,  since  then  been  much  improved  by  various 
makers,  and  the  range  of  its  work  extended.  About 
this  date  also  a  Mr.  Sketchlej^,  of  Weymouth,  designed 
a  light  machine  of  a  similar  class,  but  they  were  not 
made  in  any  great  numbers.    Mr.  Thomas  Ladyman, 
of  Eochdale,  a  few  years  since  patented  a  compact  little 
machine,  fitted  to  a  'cored'  pattern  framing.  Two 
tables  are  arranged  to  rise  and  fall  independently,  the 
one  being  adapted  for  moulding  and  sawing,  and  the 
other  for  boring  and  slot-mortising.    The  saw  table  is 
arranged  with  a  false  top  and  stop  piece  for  cross- 
cutting  and  for  boring  endways.    A  slide  is  also  fitted 
for  turning  circular  mouldings,  as  in  a  lathe.  The 
machine  has  four  speeds,  ranging  from  488  to  2,250 
revolutions  per  minute,  according  to  the  work  to  be 
performed.     In  the  year  1867  Mr.  S.  Worssam,  of 
London,  patented  an  improved  general  joiner.  The 
improvements  consisted,  firstly,  in  the  application  to 
such  machines  of  an  apparatus  whereby  tenons  may  be 
completely  cut  in  one  traverse  of  the  wood,  and  also  the 
application  to  such  machines  of  an  arrangement  for 
producing  larger  and  more  perfect  mouldings,  and  an 
improved  arrangement  for  squaring  out  the  end  of 
mortises  left  of  semicircular  form.    This  machine,  with 
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FIG.  31.—  woessam's  patent  genekal  joinee. 
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its  various  appliances,  is  capable  of  performing  nearly 
the  whole  of  the  operations  required  in  a  joiner's  shop, 
including  sawing,  planing,  moulding,  tenoning,  mortis- 
ing, boring,  mitring,  chamfering,  beading,  rebating, 
grooving,  tonguing,  &c.  All  these  operations  are  per- 
formed independently  of  each  other,  or  in  conjunction. 
The  planing  and  moulding  are  performed  by  rotary 
cutters,  a  self-acting  roller  feed  carrying  the  wood 
beneath  the  cutters.  The  speed  of  this  feed  can  be 
graduated  to  suit  the  nature  of  the  wood  being  operated 
on.  Tenons  are  formed  either  with  circular  saws  or 
rotary  cutters,  as  may  be  desired.  The  wood  is  held  in 
a  vertical  position  by  a  suitable  cramp.  The  mortising 
is  performed  by  a  rotary  auger,  the  wood  being  traversed 
up  to  it  by  a  hand  lever ;  the  lengths  and  depths  of  the 
mortise  are  regulated  by  stops.  Curved  mouldings  are 
worked  on  a  separate  vertical  spindle.  A  traversing 
plate  for  cross-cutting,  squaring,  mitring,  &c.,  is  fitted 
to  the  saw  table,  and  altogether  this  machine  must  be 
pronounced  one  of  the  most  efl&cient  of  its  class.  We 
illustrate  it  (figs.  30  and  31). 

Messrs.  A.  Eansome  and  Co.,  of  London,  also  intro- 
duced,' a  few  years  ago,  an  improved  general  joiner. 
In  this  machine  the  saw  and  spindle  are  distinct  from 
those  carrying  the  moulding  and  planing  blocks.  The 
tenoning  operation  is  performed  by  cutters,  which  has 
the  advantage  of  accuracy;  for  cutting  tenons  with 
shoulders  of  unequal  length,  it  is  necessary  to  alter  the 
position  of  one  of  the  cutter  blocks  on  its  spindle  ;  this 
plan  can  hardly  be  approved  of,  as  it  is  both  dangerous 
and  uncertain.  Double  tenons  are  formed,  and  the 
shoulders  scribed  by  means  of  cutter  discs  fitted  to  a 
vertical  spindle.    The  top  and  bottom  cutter-block 
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spindles  for  planing-  and  moulding-  are  fitted  with  bear- 
ings at  either  end  of  the  block,  which  ensures  steadiness, 
and  is  in  favourable  contrast  to  the  overhanging  blocks 
sometimes  introduced,  which,  except  for  small,  light 
work,  must  be  condemned.  The  wood  is  fed  by  a  pair 
of  revolving  rollers,  the  top  one  of  which  is  arranged  to 
'  give '  to  any  unevenness  in  the  timber ;  both  rollers 
are  driven,  which  increases  the  feeding  power.  The 
details  of  this  machine  are  well  apportioned,  and  the 
framing  and  general  arrangement  is  good. 

Amongst  combination  machines,  although  diflFering 
essentially  from  the  English  general  joiners,  must  be 
mentioned  the  American  machine  known  as  Climer 
and  Riley's  patent  universal  wood-worker.  It  par- 
takes chiefly  of  the  character  of  an  outside  cutter, 
moulding  and  planing  machine,  with  extended  spindles 
and  cutter  blocks,  with  two  tables  arranged  with  vertical 
and  lateral  adjustments  on  either  side  of  the  machine. 
The  frame  of  the  machine  is  cast  in  one  piece,  and  the 
main  cutter-block  spindle  is  fitted  with  outside  movable 
self-oiling  bearings,  and  divided  in  the  centre  so  that  by 
means  of  a  double  friction  pulley  on  the  countershaft  which 
carries  two  belts  the  ends  of  the  spindle  may  be  started  or 
stopped  separately  or  simultaneously,  as  may  be  required. 
The  machine  is  arranged  to  operate  on  four  sides  of  the 
wood  at  once,  and  the  vertical  side-spindles  have  vertical 
and  lateral  adjustments.  The  top  cutter-block  is  ar- 
ranged to  be  set  to  different  angles,  and  all  cutter  blocks 
are  made  movable,  and  can  be  replaced  by  tenoning, 
rebating,  panel-raising,  matching,  grooving,  or  other 
irons,  according  to  the  work  to  be  performed.  A  ripping 
or  cross -cutting  saw  can  also  be  substituted  for  the 
cutter  block,  which,  with  the  aid  of  an  adjustable  fence, 
converts  the  one  side  of  the  machine  into  a  saw  bench 
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It  is  also  arra.nged  for  boring  and  slot-mortising,  wave 
and  circular  moulding.  The  whole  of  these  operations 
can  be  performed  by  one  horizontal  spindle,  with 
different  arrangement  of  tables,  cutter  blocks,  or  fences, 
according  to  the  Avork  to  be  carried  out. 

In  designing  a  general  joiner  or  other  combination 
machine,  the  great  point  to  aim  at  is  simplicity  of  the 
mechanical  arrangements,  combined  with  ready  adapta- 
bility to  the  various  work  to  be  performed,  the  whole 
being  under  the  easy  control  of  the  operator.  Mistakes 
have  often  been  made  in  constructing  the  general  details 
of  too  complicated  a  character,  so  that  even  when 
efficiency  of  production  is  attained  it  is  more  or  less 
neutralised  by  the  first  cost,  cost  of  working,  keeping 
in  repair,  and  the  amount  of  skill  required  to  operate. 
Some  designers  also  strive  to  give  their  productions  too 
wide  a  field  of  operation,  losing  sight  of  the  fact  that  a 
moderate  range  of  work,  rapidly  and  accurately  per- 
formed, must  be  held  to  be  in  every  way  better,  and 
commercially  more  economical,  than  a  greater  variety 
of  work  indifferently  turned  out.    By  some  engineers 
various  appliances  for  joinery  purposes  have  been  added 
to  the  ordinary  rising- spindle  circular-saw  bench.  The 
planing  is  generally  performed  by  means  of  a  cast-iron 
disc,  fitted  with  suitable  cutters,  which  project  slightly 
beyond  the  face  of  the  disc.    This  disc  takes  the  place 
of  the  circular  saw,  and  the  wood  is  fed  by  hand  between 
its  face  and  that  of  the  fence  plate.    For  squaring  up 
and  rough  planing,  this  plan  may  be  of  some  value, 
but  for  a  finer  class  of  work  it  cannot  be  recommended. 
Considerable  skill  and  care  is  also  necessary  iu  operat- 
ing, as  the  cutters  require  to  be  very  finely  sharpened  and 
adjusted,  or  the  work  turned  out  is  of  a  very  inferior 
quality. 


WOOD-  WORKING  MA  CHINE R  V. 


CHAPTER  XX. 

DOVE-TAILING  MACHINES. 

The  important  operation  in  joinery  known  as  *  dove-tail 
jointing '  has  for  many  years  afforded  ample  scope  for 
inventive  genius.  Numerous  attempts  to  perform  this 
operation  by  mechanical  means  have  been  made,  but, 
with  one  or  two  exceptions,  with  scanty  success.  Dove- 
tailing with  conical  cutters  was  invented  by  Sir  Samuel 
Bentham  in  1793o  Since  that  time  numbers  of  ma- 
chines have  been  introduced,  but  m.ost  of  them  have 
failed,  either  from  inequality  of  wear  in  the  cutters  pro- 
ducing misfits  in  the  wooden  joint,  from  complexity 
of  the  details  of  the  machine,  diflaculty  of  adjustment, 
or  roughness  of  the  work  turned  out. 

About  the  year  1856  a  Mr.  Wimshurst  took  out  a 
patent  for  dove-tailing  with  a  series  of  cutters,  the  wood 
being  brought  up  to  the  cutters  from  below.  About  the 
same  time,  too,  a  Mr.  Burley  took  out  a  patent  for  a 
machine  for  cutting  dove-tails  by  means  of  a  series  of 
reciprocating  chisels,  the  wood  being  fixed  on  an  ad- 
justable bed,  which  could  be  inclined  in  either  direction. 
The  dove-tail  *pin  '  was  formed  in  two  cuts,  the  adjust- 
able bed  being  inclined  in  the  opposite  direction  after 
each  cut  was  made.  The  '  do^e-tails '  were  formed  by 
a  series  of  saws  of  varying  diameters,  the  smaller  saws 
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1  being  placed  at  either  end  and  revolving  on  the  same 
iaxis;  two  tables,  set  at  an  angle  to  each  other  and 
"  below  the  saws,  carried  the  wood.    These  tables  were 
;  arranged  with  a  vertical  motion,  and  the  wood  was 
brought  up  to  the  saws,  which  made  an  oblique  cut ;  the 
wood  was  then  placed  on  the  opposite  table,  and  a 
second  oblique  cut  completed  the  '  dove-tail,'  the  depth 
of  which  was  regulated  by  stops. 

One  of  the  most  complete  machines  at  present  in  use, 
and  one  that  has  stood  the  test  of  time,  was  invented 
and  patented  by  Mr.  S.  T.  Armstrong,  of  New  York, 
about  the  year  1866.  It  is  manufactured  in  this  country 
by  Messrs.  Eobinson  and  Sons,  of  Eochdale,  and  we 
illustrate  it  (fig.  32).  The  design  and  mode  of  action  are 
exceedingly  novel,  and  differ  essentially  from  anything 
that  has  preceded  or  followed  them.  Its  action  may 
briefly  be  described  as  follows,  but  cannot  be  fuUy  ex- 
plained without  lettered  drawings  :  — Two  circular  saws 
or  discs  are  mounted  to  run  loosely  on  two  short  pins ; 
they  are  inclined  to  one  another,  at  the  same  angle  as 
the  two  sides  of  the  dove-tail  pins.  These  circular  saws 
are  geared  together  by  two  bevel-toothed  rings,  fitted 
upon  their  adjacent  faces.  Motion  is  given  to  them  by 
bevel  gearing  working  into  a  bevel  ring  fitted  to  the 
outer  face  of  one  of  them. 

By  suitable  gearing  the  inclination  of  these  saw 
discs  can  be  changed  from  vertical  to  horizontal,  and 
arranged  to  cut  the  '  pins '  or  •'  dove-tails  '  as  required. 
The  table  carrying  the  wood  is  made  self -feeding,  and 
placed  radially  to  the  saws,  and  the  cuts  are  made  at 
right  angles  to  the  wood.  The  action  of  the  machine, 
although  extremely  ingenious,  is  somewhat  complex, 
and  I  cannot  do  better  than  refer  -those  of  my  readers 
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wlio  wish  thorong'lily  to  understand  its  meclianism  to 
tlie  original  patent  specification. 

Some  fourteen  years  since  Messrs.  Greenwood  and 
Batley,  of  Leeds,  introduced  a  dove-tailing  machine  of 
American  origin,  which  was  arranged  to  work  either  by 
hand  or  steam  power.  The  dove-tails  were  formed  by  a 
series  of  cutters  or  gouges,  acting  consecutively,  each 
taking  a  small  cut ;  these  cutters  were  held  in  stocks, 
and  were  mounted  in  a  movable  slide,  and  traversed  to 
the  wood  by  a  rack  and  pinion ;  no  less  than  fourteen 
cutters  were  employed  in  this  machine  to  make  a  perfect 
dove-tail. 

In  the  Paris  International  Exhibition  in  1867.  M. 
Zimmermann,  of  Chemnitz,  showed  a  dove-tailing  ma- 
chine consisting  of  three  horizontal  adjustable  spindles 
mounted  with  cutters  suitable  to  the  dove- tail  required. 
The  wood  was  fixed  in  a  vertical  slide,  and  the  counter- 
part cut  by  means  of  plain  revolving  discs,  the  table 
being  arranged  to  angle  in  either  direction  to  produce 
on  the  wood  the  proper  degree  of  bevel. 

In  the  year  1872  Mr.  Tighe  Hamilton,  of  Dublin, 
patented  a  series  of  improvements  in  machinery  for 
cutting  dove-tails.  We  illustrate  in  figs.  33  and  34 
machines  of  recent  construction. 

These  improvements,  or  we  might  more  properly 
say  inventions,  possess  very  considerable  originality  of 
ideas.  The  dove-tails  and  pins  are  cut  by  means  of  the 
peculiar  motion  imparted  to  an  ordinary  circular  saw. 
The  saw  is  mounted  on  a  spindle,  part  of  which  is  bent 
at  a  such  a  degree  of  obliquity  to  its  central  line  as  is 
necessary  to  produce  the  angle  of  the  dove-tails.  This 
spindle  is  free  to  reciprocate  as  it  rotates,  and  the  saw 
swings  to  and  fro  in  planes  passing  through  a  vertical 


Back  of 
Foldout 
Not  Imaged 


DO  VE-  TAILING  MA  CHINES. 


189 


(diameter  for  cutting  the  tails,  or  tlirougli  a  horizontal 
(diameter  for  cutting  the  pins.  Any  sized  dove-tails  can 
be  cut,  this  being  effected  by  causing  the  planes  of  the 
saw  to  intersect  in  other  lines  those  that  pass  through 
the  centre  of  the  spindle.  Fig.  34  represents  a  front 
view  of  a  machine,  in  which  the  traverse  of  the  head 
which  carries  the  saw  is  horizontal,  whilst  that  of  the 
table  which  carries  the  boards  is  vertical.  In  fig.  33 
these  motions  are  reversed,  that  of  the  head  being 
vertical  and  the  table  horizontal.  The  plane  of  the 
saw  is  kept  in  any  desired  position  by  means  of  an 
adjustable  guide  plate.  The  machines  under  notice 
are  constructed  on  truly  scientific  principles,  are  easy 
of  management,  and  possess  less  of  complication  than 
others  of  the  same  class,  and,  from  their  readiness  of 
adaptation  to  varying  sizes,  spaces,  and  thicknesses  of 
dove-tails,  should  be  of  especial  value  in  cabinet  work, 
in  which  the  changes  are  often  numerous. 

Amongst  numerous  other  machines  designed  to  cut 
'  dove-tails '  by  means  of  conical  cutters  may  be  men- 
tioned one  designed  by  Mr.  Eamsbottom,  late  of  Crewe. 
In  this  machine  the  cutter  spindle  is  arranged  to  re- 
volve in  a  long  cast-iron  socket.  This  socket  works  in 
a  slide  fitted  to  a  circular  plate,  attached  to  the  main 
frame  of  the  machine.  The  circular  plate  is  arranged 
so  as  to  be  at  right  angles  to  the  table  while  cutting 
the  dove-tail,  and  can  be  set  to  any  desired  angle  for 
cutting  the  pins.  The  cutter  slide  is  brought  to  its 
work  by  a  counterbalanced  treadle,  and  by  means  of 
change  wheels  dove-tails  of  various  sizes  can  be  cut. 
Some  years  back  a  Mr.  Evart  patented  in  America  a 
conical  cutter  machine  carrying  a  number  of  cutter 
spindles  driven  by  an  interlaced  belt.    These  spindles 
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were  mounted  in  a  frame  having  vertical  and  diagonal 
movements,  and  were  brought  down  to  the  work  by  a 
hand  lever.  The  great  objection  to  this  and  other 
conical  cutter  machines,  especially  when  carrying  a 
number  of  spindles,  is  the  extreme  difficulty  of  keeping 
the  various  cutters  to  one  size,  which,  in  actual  practice, 
is  found  to  be  almost  an  impossibility,  the  result  being 
that  the  pins  and  dove-tails  produced  are  misfits.  A 
machine,  however,  exhibited  by  Messrs.  J.  A.  Tay  and 
Co.,  of  Cincinnati,  U.S.A.,  at  the  Paris  Exhibition, 
1878,  claims  to  have  got  over  this  difficulty.  It  was 
patented  by  a  Mr.  Stengel  early  in  1878 ;  it  is  simple 
in  its  construction,  and  will  cut  a  dove-tail  in  any  kind 
of  wood  up  to  11  inch  by  14  inches  wide,  cutting  both 
side  and  front  at  the  same  time.  The  cutter-spindle 
frames  are  stationary;  the  spindles  revolve  at  high 
speeds,  and  can  be  adjusted  laterally,  to  suit  the  depth 
of  cut.  The  cutters  are  simple,  are  turned  in  a  lathe, 
and  always  sharpened  from  the  centre.  Provision  is 
also  made  for  adjusting  them,  to  compensate  for  any 
inequality  of  wear.  A  countershaft,  fitted  with  cone 
pulleys  fixed  underneath  the  machine,  drives  the  cutter 
spindles.  The  wood  is  fixed  on  a  vertical  and  hori- 
zontal plate,  and  held  fast  by  camb  rollers.  The  '  pin ' 
is  cut  on  the  horizontal  table,  and  the  '  dove-tail '  on  the 
vertical  table.  A  hand  lever  moved  up  and  down  per- 
forms the  operation,  a  slide  moving  forward  at  each 
alternate  motion  of  the  lever.  The  guides  are  so  con- 
structed that  after  being  started  it  cannot  be  moved 
backwards  at  all,  nor  forward  more  than  the  distance 
arranged.  If  this  machine  proves  itself  capable  of 
standing  constant  and  heavy  work,  it  is  a  tool  that  is 
much  needed  by  cabinetmakers  and  others  who  require  a 
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macliine  that  is  moderate  in  first  cost  and  easily  ad- 
justable to  cut  dove-tails  of  varying  sizes  and  pitcHes. 
In  1873  Mr.  Thomas  Hall,  of  Northampton,  U.S.A., 
patented  an  improved  dove-tail  joint,  with  machinery 
for  making  the  same.  In  1867  a  Mr.  Ganz  patented 
an  improved  method  of  dove-tailing.  The  invention 
consists  in  operating  simultaneously  upon  the  two 
boards  to  be  dove-tailed  together,  and  in  producing 
the  '  pin '  and  '  dove-tail '  by  the  same  action  of  one  set 
of  cutters.  In  this  machine  two  discs,  fitted  with  plain 
cutters,  are  mounted  on  separate  spindles,  but  are 
geared  together  by  bevel  wheels,  so  as  to  revolve  in 
two  planes  of  the  same  angle  as  the  dove-tails  intended 
to  be  cut.  The  wood  is  placed  on  a  travelling  slide, 
working  on  a  horizontal  bed. 
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CHAPTER  XXL 

VENEEE-CUTTING  MACHINES. 

As  tlie  supply  of  valuable  timber  becomes  more  and 
more  exhausted  so  will  tbe  practice  of  covering  the  face 
of  common  wood  with  an  ornamental  veneer  of  other 
woods  increase.  The  machines  for  cutting  veneers  may 
be  divided  into  two  classes — sawing  and  slicing.  Sawing 
veneers  has  the  advantage  of  preserving  intact  the 
grain  and  colour  of  the  wood,  but  it  has  the  disad- 
vantage of  cutting  a  considerable  amount  of  timber  to 
waste.  The  slicing  process,  however,  is  perhaps  more 
generally  in  use.  The  wood  to  be  cut  is  first  steamed 
and  then  cramped  in  a  frame,  and  operated  on  by  a 
knife  with  a  horizontal  reciprocating  motion,  running 
obliquely  across  the  wood.^  Before  the  introduction  of 
a  machine  for  the  purpose,  veneers  were  cut  by  hand, 
the  wood  being  secured  in  a  screw  press  arranged  for 
that  purpose. 

Bentham,  in  his  patent  of  1793,  claims  the  cutting 
of  thin  veneers  or  scales  by  means  of  knives  from  blocks 
of  wood  previously  steamed,  and  fully  describes  the 
process  in  his  specification.  In  the  commencement  of 
this  century  Brunei  took  out  a  patent  (1805)  for  a 

'  The  steaming  process,  however,  damages  considerably  the  colour 
of  some  woods,  and  allows  the  glue  to  penetrate. 
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circular  saw  for  cutting  veneers,  and  since  that  date 
considerable  attention  has  been  given  by  engineers  to 
the  subject. 

For  cutting  veneers  Brunei  employed  a  large  cir- 
cular saw,  built  up  in  segments  and  screwed  on  to  a 
turned  disc  or  flange ;  the  holes  through  which  the 
screws  passed  were  made  oblong,  to  admit  of  adjustment. 
When  the  segments  were  fastened  to  the  disc,  a  layer 
of  leather  or  paper  was  placed  on  the  top  of  them,  over 
which  another  disc  was  fitted,  and  the  whole  screwed 
up  tight  with  bolts  and  nuts.  These  saws  are  so  ar- 
ranged that  the  bottom  of  their  periphery  is  below  the 
lower  edge  of  the  timber  to  be  cut,  which  is  fed  forward 
by  a  rack  movement. 

Veneers  seem  to  have  been  sliced  by  machinery  in 
Eussia  some  fifty  years  or  more  back,  as  Mr.  Peter 
Barlow,  in  his  treatise  on  *  Manufactures  and  Machinery 
in  Great  Britain,'  1836,  mentions  a  process  for  cutting 

veneers  with  a  knife  as  follows  :  

The  operation  is  begun  by  placing  the  timber  from 
which  the  leaf  is  to  be  cut  upon  a  square  axle,  when  it 
is  revolved  and  made  circular  by  a  turner's  gouge.  The 
blade  of  a  plane  of  highly  tempered  steel,  and  rather 
longer  than  the  cylinder,  is  fixed  at  the  extremity  of  a 
frame  of  6  or  7  feet  in  length,  in  such  a  manner  as  to 
exert  a  constant  pressure  upon  the  cylinder,  and  pare 
off  a  sheet  of  an  equal  thickness,  which  folds  upon 
another  cylinder  like  a  roll  of  linen.  The  frame  to 
which  the  blade  is  attached  is  movable  at  its  lower  ex- 
tremity, and  as  it  is  charged  it  depresses  in  proportion 
as  the  mass  diminishes  in  substance.  That  this  de- 
pression may  be  progressive  and  perfectly  regular,  the 
inventor  has  appended  a  regulator  to  the  machine,  con- 
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sisting  of  a  flat  brass  plate,  preserved  in  an  inclined 
direction,  upon  wMch  the  frame  descends  as  the  regu- 
lator itself  is  advanced.  The  motion  is  communicated 
to  the  cylinder  by  several  cog  wheels,  which  are  turned 
by  a  crank. 

In  the  year  1831  Mr.  Alexander  Craig,  of  St.  Ber- 
nards, Midlothian,  took  out  a  patent  for  '  certain  im- 
provements in  machinery  for  cutting  timber  into  veneers 
or  other  useful  forms.'    In  one  of  these  improvements 
Mr.  Craig  employed  a  circular  saw,  the  operation  of 
which  is  described  by  Hebert  as  follows :— The  saw  is 
made  to  traverse  the  whole  length  of  the  veneer  to  be 
cut,  while  it  revolves  on  its  axis  in  the  usual  way.  It 
is  made  to  traverse  by  means  of  a  crank  having  a  radius 
equal  to  half  the  length  of  the  intended  veneer,  and  a 
connecting  rod  of  length  sufficient  to  prevent  too  much 
obliquity  of  motion  by  carrying  the  band  round  a  pul- 
ley stationed  at  a  small  distance,  beyond  the  greatest 
distance  of  the  saw  from  its  driving  drum.   Though  we 
have  mentioned  but  one  saw,  there  are  a  series  of  them 
attached  to  the  saw  frame,  and  put  in  motion  by  the 
same  band,  which  is  pressed  down  by  an  adjusting  pul- 
ley between  each  pair  of  saws,  that  it  may  turn  them 
with  more  certainty,  by  embracing  a  larger  portion  of 
the  circumference  of  the  riggers  fixed  on  their  axes. 
The  log  of  wood  from  which  the  veneer  is  to  be  cut  is 
suspended  between  centres  similar  to  those  of  a  turning 
lathe,  so  that  it  may  be  cut  into  one  continuous  veneer. 
It  is  evident  that  to  produce  an  uniform  motion  in  that 
part  of  the  log  in  contact  with  the  saws  is  necessary  to 
its  perfect  action  ;  and  this  the  patentee  has  effected  in 
a  very  ingenious  manner.    He  puts  into  slow  motion, 
by  a  species  of  gearing  known  by  the  name  of  the  end- 
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less  screw,  a  shaft  having  on  its  extremity  a  metallic 
cylinder,  with  a  surface  roughed  in  a  manner  similar  to 
the  surface  of  a  rasp ;  and  this  cylinder,  being  pressed 
against  the  circumference  of  the  log,  will  cause  it  to 
revolve  at  the  same  speed,  whatever  be  its  diameter. 
The  specification  is  concluded  by  a  description  of  an 
arrangement  by  which  the  saws  are  made  to  cut  beyond 
their  centres  in  a  stationary  log. 

This  is  effected  by  attaching  them  on  axes  which  do 
not  project  beyond  the  surfaces  next  the  log.  To  the 
frame  carrying  these  saws  a  descending  as  well  as  an 
alternating  motion  is  given  ;  and  the  veneer  being,  by 
a  guide  plate,  made  to  fold  back  under  the  saws,  it  is 
clear  that  they  will  with  facility  cut  to  any  required 
depth,  without  reference  to  their  diameters. 

About  the  year  1847  very  considerable  improve- 
ments in  the  method  of  cutting  and  laying  veneers  were 
introduced  in  America  by  Belter,  a  German  cabinet- 
maker, whereby  the  variety  and  beauty  of  the  work  was 
much  enhanced.  Some  years  later  a  patent  was  ob- 
tained in  this  country  by  a  Mr.  Meadows  for  an  im- 
proved method  of  bending  veneers  around  sharp  angles, 
such  as  those  in  mouldings. 

Some  few  years  since  Mr.  L.  E.  Hawes,  of  the  U-nited 
States,  patented  several  improvements  in  machinery  for 
veneer-cutting.  The  knife  which  cuts  the  veneer,  con- 
trary to  the  general  practice,  is  made  stationary,  and 
the  wood  cramped  in  a  sliding  frame,  which  is  arranged 
with  a  vertical  reciprocating  motion,  oscillating  slightly 
longitudinally  at  the  same  time,  which  is  found  to  give 
a  cleanness  to  the  cut.  A  veneer  is  cut  at  each  down- 
ward stroke  of  the  knife,  which  is  then  drawn  clear  of 
the  wood  during  its  upward  stroke,  when  it  resumes  its 
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original  position  for  another  cut.  All  these  motions 
are  self-acting,  and  it  is  calculated  to  cut  from  40  to 
60  square  feet  per  minute  in  almost  any  kind  of  wood 
usually  employed  for  veneering.  Some  users  prefer 
veneers  cut  round  the  annular-growth  rings  of  the  tim  - 
ber instead  of  across.  In  this  case  the  wood  is  steamed 
in  the  usual  way,  and  made  to  revolve  between  centres  ; 
an  extremely  sharp  knife  is  brought  to  bear  on  its  face, 
thus  obtaining  wide  and  uniform  veneers  from  small 
timber.  In  practice,  however,  it  is  found  that  some 
kinds  of  wood  will  not  readily  submit  to  this  process 
without  splitting,  but  with  those  that  can  be  thus 
worked  it  possesses  some  advantages,  as  the  figure  of 
the  wood  is  more  entirely  retained. 

Yeneers,  too,  are  sometimes  cut  by  a  horizontal  saw 
with  a  reciprocating  motion.  A  single  straight  saw 
of  very  thin  gauge  and  finely-set  teeth  is  employed ;  it 
is  tightly  strung  in  a  light  swing  frame,  and  sharpened 
to  cut  in  both  directions  of  the  traverse.  The  wood  is 
fixed  in  a  slide  which  feeds  vertically  to  the  saw,  and 
has  a  lateral  movement  to  suit  different  thicknesses  of 
cut. 

In  France  veneers  are  very  generally  steamed  and 
sliced  by  a  sliding  block  and  knife. 

Operating  as  they  do  on  very  valuable  woods,  espe- 
cial care  should  be  taken  in  the  design  and  exact  con- 
struction of  veneer-cutting  machines,  or  considerable 
loss  will  be  the  result  from  inferior  production.  If  a 
circular  saw  is  employed,  the  disc  should  be  balanced 
to  a  nicety,  or  the  saw  will  not  cut  true,  and  the  veneers 
will  be  of  uneven  thickness;  the  bearings  too  will 
rapidly  deteriorate. 

In  slicing  machines  a  back  iron  should  always  be 
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fitted  to  the  knife,  wMcb.  in  large  blocks  should  ope- 
rate obliquely  to  the  grain  of  the  wood,  and  be  so 
arranged  that  the  whole  length  of  the  knife  does  not 
strike  the  wood  at  the  same  moment,  as  the  shock  thus 
occasioned  is  often  considerable  and  the  veneers  cut 
are  more  liable  to  split. 
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CHAPTER  XXII. 

"WHEEL  AND  CARRIAGE  MAKING  MACHINERY. 

In  the  manufacture  of  wheels  and  carriages  on  a  large 
scale  several  special  machines  are  necessary,  in  addition 
to  modifications  of  some  of  those  we  have  already 
noticed.  Amongst  these  may  be  mentioned  the  spoke 
turning  or  dressing  machine,  spoke- driving  machine, 
felloe-shaping  machine,  spoke-tanging  and  felloe-boring 
machine,  wheel- facing  machine,  &c. ;  our  space,  how- 
ever, will  only  permit  us  to  give  a  brief  resume  of  some 
of  the  principal  machines. 

The  principle  of  most  of  the  machines  now  in  use 
for  turning  or  dressing  irregular  shapes,  such  as  spokes, 
hammer  handles,  lasts,  gun  stocks,  is  contained  in 
Boyd's  patent,  dated  1822.  He  claims  in  this  patent 
the  use  of  a  model  or  dummy  in  conjunction  with  a 
blank  of  wood  or  other  material,  the  outline  of  the 
model  guiding  the  cutting  tool  to  produce  a  duplicate 
from  the  blank.  A  shoe  last  is  shown  in  the  patent 
specification  as  illustrating  the  principle  claimed. 
From  this  machine,  or,  more  correctly  speaking,  from 
this  principle,  numerous  machines  for  analogous  pur- 
poses have  since  that  date  been  from  time  to  time 
brought  out. 

Some  five-and-twenty  years   ago  a  machine  for 
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dressing  spokes,  &c.,  with  the  grain  of  the  wood  was 
patented  by  a  Mr.  Hughes  ;  the  spoke  was  fixed  on  a 
table,  which  was  traversed  beneath  the  catter  by  means 
of  a  rack  and  pinion.  The  cutter-block  spindle  was 
made  hollow,  and  arranged  so  as  to  allow  the  cutters 
to  traverse  to  or  from  one  another  as  they  were  acted 
on  by  a  model  spoke,  and  the  frame  carrying  the 
cutter  block  was  pivoted  on  one  side,  which  allowed  it 
to  rise  or  fall  as  desired. 

In  the  year  1845  a  machine  for  carving  and  copy- 
ing irregular  forms  was  introduced  by  Mr.  Jordan,  of 
London.  In  his  machine  the  wood  to  be  shaped  and  the 
model  or  '  dummy '  are  fixed  on  a  horizontal  table, 
running  on  wheels  transversely  on  another  table  or 
frame,  which  was  arranged  to  move  in  a  longitudinal 
direction,  so  that  by  the  straight-line  movement  in  two 
directions  the  table  could  be  made  to  have  a  motion  in 
every  part  of  its  own  plane.  The  model  and  wood  to 
be  shaped  were  made  to  swivel  on  centres,  and  so  ar- 
ranged that  by  means  of  a  lever  they  could  be  turned 
simultaneously  on  their  axes.  The  cutters  were  carried 
on  a  vertical  slide,  and  made  some  5,000  revolutions  per 
minute ;  this  vertical  slide  was  raised  or  lowered  to  the 
work,  which  was  fixed  on  the  travelling  table  beneath 
by  means  of  a  treadle.  A  tracer  guide  acting  on  the 
model  produced  by  the  aid  of  the  cutters  facsimiles  in 
the  piece  or  pieces  of  wood. 

Some  of  the  greatest  improvements  in  automatic 
lathes  for  turning  irregular  shapes  were  made  and 
patented  by  Mr.  Blanchard,  an  American,  many  years 
back,  whose  machine  was  undoubtedly  one  of  the  most 
remarkable  inventions  of  the  day;  these  have  again 
been  modified  and  re-patented  by  Gleason  and  others. 
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An  improved  form  of  Blanchard  lathe,  manufactured 
by  Messrs.  J.  A.  Fay  and  Co.,  of  Cincinnati,  U.S.A., 
and  especially  adapted  for  turning  spokes,  is  deserving 
of  notice,  as  it  contains  several  features  of  interest. 

The  cutter  block  is  fixed  to  a  travelling  bed,  which 
is  v^rorked  by  a  worm  feed ;  the  feed  is  adjustable  for 
tapering  work,  and  can  be  stopped  at  any  desired  point 
by  a  buffer  which  is  attached  to  the  frame.  The  cutter 
block  is  fitted  with  eight  knives,  which  are  arranged 
to  give  gradually  'finishing'  cuts,  thus  leaving  the  spoke 
comparatively  smooth  when  it  is  taken  from  the  ma- 
chine, consequently  requiring  little  extra  finishing  on 
the  buf&ng  machine  or  sand  belt,  which  is  used  to 
remove  the  marks  of  the  cutters  from  the  wood  and 
give  it  a  perfectly  smooth  surface  to  receive  the  var- 
nish or  paint.  The  vibrating  frame  is  fitted  with  cut 
toothed  gearing  for  rotating  the  model  and  wood  to  be 
shaped,  and  the  vibrating  rests  are  faced  with  steel 
and  kept  in  position  by  a  steel  spring.  The  movable 
centre  is  worked  by  an  eccentric  and  lever,  and  kept  in 
any  desired  position  by  a  ratchet.  The  cutter-block 
belt  travels  over  a  long  iron  drum  placed  below  the 
machine,  and,  although  shaping  only  one  spoke  at  a 
time,  this  lathe  is  speeded  to  turn  out  as  many  as  900 
spokes  per  day,  which,  if  the  finish  is  satisfactory  at 
that  speed,  must  be  pronounced  a  very  large  number. 
The  cutters  are  arranged  to  work  across  the  grain  of 
the  wood. 

In  the  improved  Blanchard  lathe  for  turning  spokes 
patented  by  J.  Gleason,  of  Philadelphia,  U.S.A.,  some 
thirteen  years  since,  the  points  of  novelty  claimed  are 
the  use  of  centres  operated  by  an  eccentric  lever 
instead  of  a  mallet,  and  the  introduction  of  a  lever  for 


WHEEL  AND  CARRIAGE  MAKING  MACHINERY.  201 

releasing  the  spring  whicli  keeps  the  vibrating  frame 
in  contact  with  the  model  or  '  dummy.' 

In  the  year  1863  Mr.  H.Wilson,  of  London,  de- 
signed and  patented  a  multiple  copying  machine.  The 
principle  of  using  a  model  in  conjunction  with  blanks 
was  still  adhered  to,  but  instead  of  one  a  number  of 
duplicates  were  produced  at  the  same  time.    In  this 
machine  a  model  spoke  and  four  pieces  of  wood  are 
mounted  in  separate   adjustable  centres  or  poppet 
heads,  which  are  fixed  to  a  sliding  table,  arranged  to 
travel  by  a  screw  feed  beneath  the  cutters.   The  cutters 
are  fitted  on  separate  blocks,  but  are  mounted  on  the 
same   spindle,  which  revolves  in  a  counterbalanced 
swinging  frame.    The  principle  of  working  pursued  in 
this  machine  differs  from  the  ordinary  '  Blanchard  '  or 
other  lathes,  as  in  this  case  the  cutters  revolve  in  a 
fixed  position,  whilst  the  wood  itself  is  made  to  revolve 
and  travel  beneath  them ;  the  reverse  of  this  is  usually 
the  case,  the  cutters  themselves  being  made  to  travel 
and  the  wood  to  revolve  in  a  fixed  position.  The 
cutters  used  are  perfectly  flat,  and  are  arranged  to  cut 
with  the  grain  of  the  wood.    From  our  experience  we 
cannot  recommend  the  plan  of  cutting  with  the  grain 
of  the  wood,  as,  unless  the  grain  is  very  straight  and 
considerable  care  is  exercised,  large  splinters  are  apt  to 
be  torn  away,  especially  at  the  finishing  of  a  spoke. 
With  machines  arranged  to  work  across  the  grain  this 
is  not  the  case,  but  these  spokes,  however,  take  more 
finishing  after  they  have  left  the  lathe. 

A  very  simple  and  efficient  hand-power  machine  for 
centreing  and  boring  wheel  stocks  or  hubs  was  pa- 
tented in  the  year  1868  by  Messrs,  Silver  and  Denning, 
of  Ohio,  U.S.A.    It  was  arranged  to  adjust  and  hold 
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the  hub  in  position  wliilst  being  bored ;  this  was  secured 
by  a  kind  of  chuck  frame,  consisting  of  three  equi- 
distant radical  arms  furnished  with  dove-tail  slots,  in 
which  worked  adjustable  jaws  with  corrugated  faces 
for  gripping  the  hub.  These  jaws  were  set  in  or  out 
simultaneously  by  means  of  bevel  gear.  The  boring 
spindle  or  mandrel  was  fitted  with  a  feed  nut,  made  in 
halves  and  of  somewhat  peculiar  construction ;  the 
upper  part  of  boring  spindle,  which  worked  in  the  nut, 
was  cut  with  a  feed  screw  of  about  two  threads  to  an 
inch.  An  adjustable  gauge  for  regulating  the  depth  of 
the  hole  to  be  bored  was  fitted  to  the  boring  spindle. 
When  a  hub  is  to  be  bored  it  is  secured  by  the  jaws, 
the  gauge  is  set  at  the  right  height  on  the  boring 
spindle  above  the  feed  nut,  the  boring  spindle  is 
turned  by  a  handle  similar  to  that  used  with  an  ordi- 
nary auger,  the  boring  tool  being  fed  by  the  before- 
mentioned  feed-nut  till  the  gauge  comes  in  contact 
with  the  cap  of  the  nut.  A  set  screw  is  then  loosened, 
which  allows  the  feed  nut  to  turn  with  the  boring 
spindle,  forming  with  a  suitable  cutter  a  square  shoulder 
at  the  bottom  of  the  hole. 

Yery  few  important  improvements,  that  we  are 
aware  of,  have  of  late  years  been  introduced  into  ma- 
chines for  turning  spokes.  At  the  International  Ex- 
hibition at  Paris,  1878,  several  multiple  copying  lathes 
were  exhibited  in  the  French  section.  In  the  machine 
shown  by  Messrs.  Gerard,  of  Paris,  the  cutters  were 
fastened  directly  on  to  the  cutter  spindle,  without  any 
block  or  other  provision  being  made.  A  very  neat  and 
simple  arrangement  was  also  provided  for  centreing 
the  spokes  or  other  work.  A  multiple  copying  lathe, 
especially  adapted  for  shaping  wooden  shoes,  or  sahots, 
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as  well  as  spokes,  was  also  exhibited  by  M.  F.  Arbey, 
of  Paris.  This  we  illustrate  (fi^.  35).  Its  action  will 
be  easily  understood  from  the  engraving.  This  machine 
is  arranged  to  shape  six  articles  at  one  time,  the  model 
which  is  required  to  be  copied  being  mounted  in  centres 
having  rotary  and  horizontal  movements,  and  three 
blanks  of  wood  being  mounted  in  like  manner  on  either 
side  of  it.  The  cutters  operating  on  the  wood  are 
mounted  in  a  swinging  frame  immediately  over  the 
blanks,  and  when  set  in  motion  are  guided  in  their 
action  by  means  of  a  tracer  or  feeler  travelling  over 
the  model,  the  swinging  frame  thus  rising  or  falling  as 
required,  and  the  cutters  produce  in  the  blanks  the 
exact  sha^)e  of  the  model.  The  cutters  operate  with 
the  grain  of  the  wood,  and  the  spokes  or  mhots  are 
traversed  horizontally  beneath  the  cutters  by  means  of 
a  slow  screw  feed. 

After  the  spokes  are  shaped  from  the  rough  timber 
they  are  passed  on  to  a  tenoning  machine,  which  is 
fitted  in  addition  with  a  circular  saw  and  gauge,  which 
reduces  them  to  one  uniform  length.  They  are  after- 
wards passed  on  to  a  spoke-buffing  or  glass-papering 
machine.  This  machine  consists  of  two  endless  belts, 
covered  with  ground  glass  of  different  degrees  of  fine- 
ness, running  over  two  adjustable  pulleys.  The  spoke  is 
pressed  on  these  belts  by  hand,  the  coarser  grit  re- 
moving the  marks  left  by  the  cutters  of  the  shaping 
machine,  and  the  finer  grit  giving  it  a  smooth  surface. 

Where  large  numbers  of  spokes  are  'buffed'  a  great 
amount  of  dust  is  created,  which  floats  about  the 
workshop,  to  the  detriment  of  the  health  of  the  work- 
men and  the  machinery  employed.  To  obviate  this  a 
simple  pneumatic  apparatus  for  conducting  awav  the 
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dust  can  easily  be  secured  by  arranging  a  small  fan 
blower — say,  witb  an  impeller  of  about  16  in.  diameter, 
and  running  about  2,000  revolutions  per  minute — 
fitted  with  induction  and  delivery  pipes.  By  these 
means  the  dust  can  be  conveyed  to  the  stoke  hole  or 
other  part  of  the  building.  This  system  has  also  been 
introduced  into  saw  mills  for  the  removal  of  the 
shavings,  sawdust,  and  chips  made  by  trying-up,  saw- 
ing, and  the  other  heavier  class  of  wood-working  ma- 
chines. 

Amongst  the  other  wheel-making  machines  may  be 
mentioned  a  machine  for  driving  the  spokes  into  the 
wheel  stocks,  patented  in  America  by  a  Mr.  Hosier 
some  eight  years  since.  In  this  machine  the  blows 
are  given  to  the  spokes  by  a  swinging  mallet,  worked 
by  a  cam  motion,  as  if  used  by  hand  they  are  governed 
by  the  pressure  of  the  foot  on  a  treadle.  The  blows 
can  be  graduated  from  heavy  to  light,  or  from  fast  to 
slow ;  an  adjustable  guide  is  also  fitted,  which  sets  the 
spoke  perfectly  true  before  being  driven.  Another 
tool  recently  introduced  in  America  is  Corr's  patent 
automatic  wheel  machine,  which  is  arranged  to  drive, 
cut  off,  and  tenon  the  spokes  in  the  wheel,  without 
removal  after  being  once  adjusted.  Tor  driving  the 
spokes  the  wheel  stock  is  fixed  on  a  stud  in  the  centre 
of  a  vertical  frame.  This  stud  has  a  movable  outside 
bearing,  worked  by  a  lever.  The  spokes  are  driven  by 
a  mallet,  operated  by  a  spring  and  eccentric  which 
forces  the  mallet  down  after  it  is  raised  by  a  cam. 
Attached  to  the  main  frame  of  the  machine  is  an  appa- 
ratus with  lateral  and  transverse  movements,  for  saw- 
ing and  tenoning  the  spokes.  This  can  be  adjusted  in 
its  position  to  suit  wheels  of  different  sizes,  and  is  so 
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arranged  that  as  one  spoke  is  being  driven  another 
is  being  cut  to  gauge  by  a  circular  saw  and  tenoned. 
A  hollow  auger  fitted  with  cutting  lips  forms  the  tenon 
on  the  end  of  the  spoke.  This  auger  is  combined  with 
the  saw,  and  by  depressing  a  foot  lever  they  are  both 
brought  forward  to  the  work,  the  saw  operating  first 
and  the  spoke  being  held  between  horizontal  guides  in 
line  with  the  tenon  tool ;  this  is  automatically  moved  by 
a  screw,  and  the  tenon  is  completed  to  any  desired  depth. 
The  inventor  claims  that  one  man  with  this  machine 
can  drive,  saw  off,  and  tenon  thirty  wheels  and  upwards 
per  hour. 

Some  manufacturers  prefer  the  oval  form  of  tenon 
on  the  ends  of  the  spokes  where  they  enter  the  felloe,  as 
the  risk  of  splitting  in  driving  is  lessened,  and  it  is  not 
found  necessary  to  wedge  this  form  of  spoke  to  keep  it 
in  position.  The  felloes  of  the  wheels  are  usually  cut 
from  the  rough  timber  by  a  band  sawing  machine  fitted 
with  a  radial  arm.  In  America  an  arrangement  of 
circular  saws  is  often  employed.  Two  concave  saws 
are  mounted  on  a  spindle,  one  end  of  which  revolves  in 
a  pivoted  bearing,  capable  of  adjustment  and  movement 
in  a  vertical  plane  on  the  axis  of  its  bearing.  The 
wood  is  fixed  on  a  vibrating  carriage,  and  is  adjustable 
to  or  from  the  saws.  A  separate  set  of  saws  must  be 
used  for  each  sized  felloe,  as  the  curvature  required  on 
the  saws  is  necessarily  different. 

The  felloes  are  planed  on  an  ordinary  vertical 
double-spindle  shaping  machine;  they  are  fixed  in  a 
radiating  cramp,  and  the  wood  is  first  of  all  brought  in 
contact  with  one  set  of  cutters,  which  planes  one-half  of 
the  inside  and  chamfers  the  edges  ;  it  is  then  passed  to 
the  other  cutter  block,  which  completes  the  operation. 
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By  using  two  cutter  blocks  revolving  in  opposite  direc- 
tions the  wood  need  never  be  cut  against  the  grain ; 
consequently  the  work  turned  out  is  of  better  finish. 
A  cutter  block  revolving  horizontally,  for  planing  the 
edges  of  the  felloe,  and,  where  a  large  amount  of  work 
is  turned  out,  a  self-acting  feed  can  be  added  to  this 
machine  with  advantage. 

A  very  useful  machine  in  connection  with  wheel 
manufacture  is  Morris's  patent  wood-bending  machine, 
introduced  some  few  years  since.  The  principle  on  which 
it  is  constructed  is  the  bending  by  levers  from  the 
centre  outwards.  After  the  wheel  is  put  together  it  is 
usually  finished  in  a  surfacing  lathe,  or  in  a  planing 
and  finishing  machine  especially  adapted  for  the  pur- 
pose. An  outside-cutter  moulding  and  planing  machine 
can  readily  be  modified  to  perform  this  work,  the  wheel 
being  mounted  on  a  separate  vertical  screw  chuck  fitted 
to  a  stand,  with  vertical,  transverse,  and  angling  move- 
ments. In  the  construction  of  a  wheel  no  less  than 
twenty  different  machines  can  be  employed  with  more 
or  less  advantage. 
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CASK-MAKING  MACHINERY. 

Machinery  for  the  manufacture  of  casks  has  of  late 
occupied  considerably  the  attention  of  engineers,  and 
a  number  of  labour-saving  machines  for  the  especial 
class  of  work  required  in  a  cooperage  have  been  intro- 
duced, with  very  satisfactory  results,  and  so  complete 
are  some  of  the  plants  erected  that  very  little  manual 
labour  except  putting  together  is  necessary.  Some  of 
the  earliest  machinery  erected  in  this  country  for  the 
conversion  of  wood  was  devoted  to  the  manufacture 
of  casks  and  powder  barrels.  We  believe  the  first 
patent  taken  out  in  connection  with  machinery  for  the 
manufacture  of  casks  was  that  of  Flasket  and  Brown, 
in  1811;  but  Mr.  George  Smart,  of  Westminster  Brido'e 
Eoad,  is  stated  to  have  had  a  set  of  cooperage  machinery 
in  use  some  years  previous  to  this  date,  but  what  its  con- 
struction was  there  is  no  record,  as  far  as  we  are  aware, 
to  show.  Being  one  of  the  earliest  efforts  in  this 
country  in  connection  with  the  conversion  of  wood  by 
mechanical  means,  we  think  it  of  sufficient  general 
interest  to  append  a  short  description  of  Flasket  and 
Brown's  machinery  as  described  in  Dr.  Gregory's 
'  Mechanics.' 

'  First,  the  machinery  for  cutting  the  stave  consists 
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of  a  stout  bench,  having  a  board  or  platform  annexed 
to  it  capable  of  being  moved  endways,  to  which  another 
board  is  connected,  so  arranged  as  to  be  moved  across 
steadily  by  racks  and  pinions  or  screws.  The  last 
board  has  a  hollow  part  made  in  it.  in  which  the  stave 
board  may  be  laid  so  that  one  edge  of  it  may  project 
clear  beyond  the  edge  of  the  first-mentioned  board.  A 
circular  saw  is  placed  either  above  or  below  the 
bench,  having  its  axis  at  right  angles  to  the  line  of 
motion  of  the  first-mentioned  board  and  opposed  to 
the  direction  of  the  course  of  the  projecting  part  of 
the  stave  board.  This  circular  saw  is  made  flat  when 
the  straight-edged  staves  are  to  be  cut,  and  is  dished, 
or  of  a  spherical  shape,  when  staves  with  curved  edges 
are  wanted.  The  board  first  mentioned  is  moved 
either  in  a  right  line  or  is  made  to  assume  a  curved 
course  by  being  confined  in  its  motion  by  curved  grooves 
or  by  curved  rods  moving  against  pins;  and  by  the 
proper  management  of  these  sliding  boards  the 
stave  board  is  cut  by  the  circular  saw  of  the  shape 
desired.  The  machinery  next  used  consists  of  a  large 
lathe,  in  which  the  cask  is  turned  in  a  vertical  position 
when  it  is  of  a  large  size  (after  it  is  formed  in  the 
usual  manner  from  the  staves  prepared  as  above  de- 
scribed), being  either  fixed  in  a  great  chuck  placed 
beneath  it  or  in  a  cylindrical  cage  which  surrounds  it, 
fixed  upon  a  strong  upright  arbor  and  revolving  be- 
tween collars,  where  it  serves  the  office  of  a  mandrel. 
In  this  lathe  the  chime  and  groove  for  receiving  the 
head  are  turned  in  the  cask  by  the  application  of  a 
proper  tool.  When  the  cask  is  small,  the  cage  is  made 
to  turn  in  a  horizontal  position  instead  of  revolving 
vertically.    The  third  operation  is  to  form  the  head, 
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whicli  is  pinioned  together  as  usual,  after  having  the 
pin  holes  made  by  piercers  projecting  from  the  man- 
drel of  a  lathe,  the  distances  and  depths  of  which 
holes  are  correctly  regulated  by  gauges;  it  is  then 
turned  on  a  flat  revolving  table,  from  which  points 
project  to  hold  it  fast,  and  against  which  it  is  held  by 
another  revolving  piece  that  is  screwed  towards  the 
first,  where  it  is  brought  to  the  proper  size  of  the  cask 
by  fit  tools.    The  fourth  operation  is  to  turn  the  whole 
cask  at  the  outside,  for  which  purpose  it  is  placed  in  a 
large  lathe  between  two  chucks,  made  to  fit  into  the 
chimes,  and  attached  to  the  head  by  points  ;  and  then 
the  surface  of  the  cask  is  turned  smooth  by  a  spoke- 
shave,  or  other  fit  instrument,  held  against  it  by  a 
rest  properly  placed  for  the  purpose.    The  patentees 
bend  their  wooden  hoops  for  their  casks  in  an  expedi- 
tious manner  by  fastening  one  end  of  them  to  the 
circumference  of  a  wheel,  and  pressing  them  against 
the  wheel  as  it  is  turned  round ;  they  also  describe  a 
method  of  forming  the  projecting  part  in  the  bung 
staves  of  the  small  casks  called  bottles  by  means  of 
flat  or  concave  circular  saws,  which  cut  the  face  of  the 
stave  on  each  side  close  up  to  the  projection;  and, 
lastly,  in  giving  motion  to  this  machinery  the  inventors 
use  any  of  the  usual  first  movers  and  mill  work,  as  may 
be  necessary.' 

Sir  John  Eobinson,  too,  was  one  of  the  earliest  in- 
ventors in  connection  with  cask-making  machinery.  He 
proposed  the  plan  of  bending  the  stave  against  a  curved 
bed,  and  jointing  same  by  means  of  two  circular  saws. 

In  the  year  1825  Mr.  Samuel  Brown  patented  a 
series  of  machines.  The  staves  were  edged  by  means  of 
an  ordinary  circular  saw,  the  wood  being  fixed  and 
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pushed  through,  the  saw  in  a  slide  having  a  curved 
motion  and  resting  against  a  fence  or  guide  consisting 
of  a  flexible  bar  which  could  set  to  any  curve  desired 
in  the  stave.  He  also  used  a  system  of  expanding 
cutters  for  chiming,  &c. ;  they  were  fixed  on  a  vertical 
spindle  and  traversed  round  the  inside  of  the  cask. 

Some  of  the  most  important  improvements  in  cask- 
making  machinery  are  those  of  Gibbs  and  Gatley, 
engineers,  London,  whose  patent  specification,  dated 
1835,  possesses  several  features  of  interest  to  engineers, 
as  more  than  one  of  the  ideas  therein  contained  has 
been  the  subject  of  recent  patent  rights.    They  claim 
briefly  certain  arrangements  of  machinery  for  cutting 
two  staves  from  one  piece  of  wood,  the  part  which  is 
flattened  out  between  the  two  staves  forming  a  portion 
of  the  head  of  a  cask ;  the  arrangement  of  machinery 
for  cutting  the  edges  of  staves  to  their  proper  curves, 
and  for  cutting  the  grooves  at  the  ends  of  a  cask  to 
receive  the  head,  and  also  the  bevels  at  the  ends  of  the 
cask.    They  also  claim  the  construction  of  an  ordinary 
vertical  saw  frame  in  such  manner  that  one  set  of  saws 
with  their  frame  shall  at  all  times  balance  another  set 
of  saws  and  their  frame,  and  also  the  application  of  a 
saw  of  the  form  of  a  segment  of  a  circle  for  cutting 
veneers.    The  plan  pursued  in  cutting  the  cask  staves 
is  decidedly  ingenious.  Two  straight  or  mill  saws,  some- 
what narrower  than  those  used  for  ordinary  sawing, 
are  mounted  in  an  ordinary  sawing  frame  having  a 
vertical  reciprocating  movement.    The  saws,  however, 
are  not  fixed  to  the  cross-heads  in  the  usual  manner, 
but  mounted  in  two  small  separate  frames.    Each  of 
these  frames  consists  of  two  vertical  guide-rods,  attached 
at  their  upper  and  lower  ends  by  means  of  bolts  and 


CASK-MAKING  MACHINERY. 


2ir 


nuts  to  wrought-iron  plates.  In  each,  of  the  cross-heads 
is  formed  a  vertical  mortise,  through  which,  the  pins 
which  carry  the  saw  pass.  These  pins  are  fixed  at  one 
of  their  ends  to  the  plates,  and  at  the  other  to  the  saws. 
Therefore,  if  either  of  these  pins  be  moved  in  the 
mortises,  the  saw  will  move  with  it ;  consequently  the 
two  saws  can  be  made  to  diverge  from  each  other  till 
one-half  of  the  staves  are  cut,  and  approach  towards 
each  other  till  the  other  lialf  are  cut.  This  movement 
is  effected  by  means  of  two  guiding  pieces  and  four 
guiding  sockets,  acting  in  conjunction  with  springs; 
these  are  so  arranged  that  when  the  machine  is  set  in 
motion  the  guiding  sockets  will  roll  along  the  surface 
of  the  guiding  pieces  and  follow  their  curvature,  being 
forced  apart  by  the  springs  till  one-half  of  the  staves 
are  cut ;  they  will  then  gradually  approach  each  other 
till  they  assume  the  position  from  which  they  started. 
By  changing  the  guide  pieces  staves  of  any  desired 
curve  may  be  obtained. 

Following  Gibbs  and  Gatley's  patent  various  im- 
provements were  introduced  into  cask-making  ma- 
chinery by  Eosenberg,  Green,  Eobertson,  and  others. 

Green  introduced  a  tolerably  complete  machine  for 
'  backing '  and  '  hollowing  '  the  staves.  In  his  machine 
the  stave  was  arranged  to  travel  on  a  narrow  roller  by 
means  of  a  fluted  feed-roller,  fitted  immediately  over 
it  and  pressing  the  stave  upon  it.  The  narrow  roller 
supporting  the  stave  revolved  freely  on  its  own  axis, 
and  was  arranged  between  two  revolving  cutters,  which 
gave  the  desired  shape  to  the  stave. 

In  the  year  1852  some  important  improvements  in 
cask-making  machinery  were  patented  by  Eobertson, 
of  Glasgow.      In  making  casks   and  other  wooden 
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vessels  according  to  this  invention,  the  rough  staves 
were  first  steamed  in  the  usual  way,  to  cause  pliability, 
and  then,  in  order  that  the  irregularities  or  bends  in 
the  wood  might  be  nullified,  the  stave  was  screwed 
up  by  its  flat  side  against  a  fixed  bearing  surface  or 
against  rollers,  so  that,  when  passed  into  the  sawing 
machine,  the  wood  might  be  accurately  cut.  A  self- 
acting  arrangement  was  employed  in  connection  with 
these  retaining  or  flattening  screws,  for  the  purpose  of 
slackening  off  these  holding  details  as  each  approached 
the  cutting  edge.  At  the  same  time  a  series  of  cutters 
was  arranged  to  work  on  the  exposed  side  of  the  stave, 
for  the  purpose  of  dressing  that  surface  to  the  form  re- 
quired. As  the  stave  moved  forward  it  was  first  sawn 
on  the  edge  by  a  circular  eaw,  to  take  off  the  'over 
wood '  to  the  required  curve ;  it  then  came  against  a 
set  of  rotatory  cutters,  which  finished  the  surface.  At 
the  same  time  a  set  of  cutters  worked  over  the  top  of  the 
stave  on  its  flat  surface.  Then,  when  this  flat  side  and 
one  edge  had  been  so  shaped,  the  stave  was  reversed 
and  the  other  edge  and  side  similarly  treated.  Several 
staves  can  be  done  at  a  time.  When  the  staves  are 
piled  together,  or  when  the  '  cask  is  raised,'  the  upper 
ends  of  a  stave  being  surrounded  by  a  hoop,  the  mass 
of  staves  is  put  into  a  press,  to  compress  the  bilge  of 
the  cask  and  bring  together  the  bottom  or  opposite 
loose  ends  of  the  staves. 

Eobertson's  machine  for  bending  or  '  trussing '  the 
staves  is  also  worthy  of  notice.  The  staves  were  first 
steamed  at  a  temperature  of  about  220°  Fahr.  The 
trussing  machine  consisted  of  two  iron  cones ;  the  in- 
side periphery  of  each  was  made  to  fit  the  outside 
curve  of  the  cask  when  finished.    The  upper  cone  was 
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widened  at  its  lower  extremity,  so  as  to  surround  tlie 
staves,  which  were  fixed  up  into  it  by  hydraulic  pressure. 
Truss  hoops  were  let  into  recesses  flush  with  the  inner 
periphery  of  the  cones,  which  were  arranged  to  open  by 
hinges. 

Messrs.  E.  and  B.  Holmes  of  Buffalo,  U.S.A.,  also 
designed  a  very  complete  set  of  barrel-making  ma- 
chinery, some  of  which  possessed  considerable  origin- 
ality. The  staves  were  jointed  and  cut  to  the  required 
curve  by  means  of  a  revolving  concave  wheel  fitted 
with  a  radial  cutter. 

The  groove  for  the  head  and  the  bevel  at  the  ends  of 
the  cask  are  produced  at  one  operation — viz.  by  the 
slow  revolution  of  the  cask  on  an  axis  simultaneously 
with  the  rapid  revolution  of  cutters,  which  are  held 
in  contact  with  the  inside  of  the  cask  and  guided  by  a 
blank  roller.  The  whole  of  the  mechanical  arrange- 
ments contained  in  the  specification  must  be  held  to 
reflect  the  highest  credit  on  the  inventors,  more  espe- 
cially when  it  is  borne  in  mind  that  at  that  date  wood- 
working machinery  had  scarcely  any  existence. 

Owing  to  the  development  of  the  commerce  in 
petroleum  a  considerable  impetus  has  been  given  to  the 
manufacture  of  barrels  in  the  United  States,  and  many 
factories  where  they  are  manufactured  in  immense 
numbers  are  now  in  existence.  This  greatly  increased 
demand  naturally  turned  the  attention  of  American 
engineers  to  the  further  improvement  and  develop- 
ment of  cooperage  machinery,  and  a  number  of  labour- 
saving  tools  of  more  or  less  novelty  has  been  the 
result. 

In  the  year  1865  J.  S.  Thompson,  of  Glen's  Falls, 
New  York,  took  out  patents  for  a  series  of  machines, 
some  of  which  possessed  considerable  ingenuity. 
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One  of  these  was  arranged  to  saw  the  staves  to  an 
■uniform  length,  croze  their  inner  ends  for  the  recep- 
tion of  the  barrel  head,  and  chamfer  the  end  edges  at 
one  operation.  In  the  centre  of  the  machine  a  spindle 
was  arranged  with  a  circular  saw,  chamfering  cutters, 
and  Y-shaped  crozing  cutters  at  either  end.  Two 
spindles,  one  on  each  side  of  the  saw  spindle,  carried 
wheels,  over  which  worked  chains.  Vertical  lugs  were 
attached  to  the  chains  at  equal  distances,  and  the 
staves  were  fed  horizontally  to  the  saws  and  cutters, 
being  held  firmly  in  position  by  adjustable  plates  bear- 
ing on  the  back  and  front  of  the  stave.  One  set  of 
these  plates  rested  on  springs,  which  were  arranged  to 
yield  to  varying  thickness  of  staves. 

Another  of  these  machines  was  designed  for  stave- 
jointing  ;  its  arrangement  was  briefly  as  follows : — 
The  top  of  the  frame  of  the  machine  was  made  con- 
cave, corresponding  with  the  bilge  of  a  ca-sk.  On  this 
frame  a  carriage  was  arranged  to  travel  longitudinally. 
Fitted  to  this  carriage  by  pivots  at  each  end  was  a 
frame  which  held  the  staves,  which  were  placed  on 
edge  by  means  of  a  cam  lever  operating  on  a  spring. 
In  the  centre  of  the  machine  was  a  horizontal  cutter- 
head,  driven  by  a  vertical  spindle,  which  jointed  the 
staves,  the  necessary  bilge  being  given  by  the  con- 
cavity of  the  slides,  and  the  bevel  by  the  position  of 
the  carriage  which  held  them.  A  strap  attached  to 
this  carriage  winds  on  a  roller,  and  draws  the  carriage 
with  its  load  of  staves  over  the  cutter  head  ;  when  the 
jointing  is  performed  the  carriage  is  run  back  by  a 
weight,  which  is  thrown  into  action  by  the  release  of 
the  winding  roller,  which  is  connected  with  its  spindle 
by  a  clutch. 
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The  third  machine  of  this  series  is  one  which  is 
arranged  to  saw  and  chamfer  the  head  at  the  same 
time.  The  tools  consist  of  a  concave  or  dish  saw  and 
a  cutter  block,  both  fitted  on  the  same  horizontal  spin- 
dle. The  boards  intended  to  form  the  barrel  head  are 
placed  on  a  circular  plate,  which  is  geared  underneath ; 
directly  over  this  plate  is  a  circular  cramp,  worked  by 
a  screw  and  hand  wheel,  and  arranged  to  rotate  with 
the  circular  plate.  The  circular  plate,  gear,  and  sup- 
porting bracket  are  pivoted  to  the  main  frame  of  the 
machine  and  are  arranged  to  cant  to  any  angle.  When 
the  necessary  boards  are  secured  on  the  circular  cramp- 
plate,  the  whole  is  canted  towards  the  saw  and  cutter, 
the  concave  saw  chamfering  one  edge  and  the  cutter 
block  the  other,  the  circular  plate  being  at  the  same 
time  rotated  either  by  power  or  a  pinion  and  handle, 
thus  causing  the  whole  of  the  periphery  of  the  barrel 
head  to  be  operated  on  by  the  saws  and  cutters.  A  set 
of  cask-making  machines  was  exhibited  in  the  Paris 
Exhibition,  1867,  by  Cool,  Ferguson,  and  Co.,  Mass., 
U.S.A. 

Following  these  inventions,  nothing  noteworthy  was 
produced  for  this  especial  class  of  work  for  some  years. 
When  the  band  saw  was  reintroduced  by  M.  Perin,  of 
Paris,  in  1855,  it  was  more  or  less  adopted  for  cutting 
out  the  staves  and  bottoms  of  casks.  Another  French 
engineer,  M.  Arbey,  of  Paris,  modified  several  existing 
machines,  including  a  planing  machine  for  rounding 
the  staves  and  planing  up  the  bottoms,  a  vertical 
moulding  machine  for  chamfering  the  bottoms,  and  a 
tonguing  and  grooving  machine  for  jointing  them.  He 
also  invented  a  machine  acting  with  spiral  knives  for 
chamfering  and  recessing  the  ends  of  the  cask  after  it 
has  been  put  together. 
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During  the  last  ten  years,  owing  chiefly  to  the 
rapid  increase  in  operatives'  wages,  a  number  of  patents 
♦for  improvements  in  this  class  of  labour-saving  ma- 
chinery have  been  taken  out  by  Eobinson  and  Smith, 
Woodley  and  Anderson,  Slater,  Thorneley  and  Bux- 
ton, Lyle,  Hewit  and  Hays,  Gerard  and  Thulier, 
Gedge,  Ransome,  and  others. 

'  Mr.  Abram  Lyle,  in  his  patent,  dated  1871,  claims 
improvements  in  a  machine  for  dressing  staves.  In 
his  machine  the  stave  is  gripped  between  and  fed 
along  by  short  massive  rollers,  arranged  with  their 
axes  vertical,  whilst  in  the  centre  of  the  row  of  feed 
rollers  is  a  revolving  spindle,  having  fixed  on  it  the 
cutters  for  dressing  the  stave.  The  cutter  spindle  is 
carried  in  a  bracket  arranged  to  slide  in  guides  below  a 
table,  and  is  adjustable.  The  feed  rollers  on  the  same 
side  as  the  cutter  spindle  are  fluted,  and  are  driven  b}'- 
means  of  worm  wheels  fixed  on  their  spindles  below 
the  table,  gearing  in  with  worms  fitted  on  a  horizontal 
shaft,  which  is  driven  from  the  first-motion  shaft.  The 
feed  rollers  on  the  other  side  of  the  stave  are  held  in 
forked  blocks  set  in  boxes  containing  strong  springs, 
which  are  adjustable  by  means  of  screws.  The  rollers 
on  both  sides  are  made  sufficiently  strong,  and  the 
pressure  applied  is  sufficiently  great,  to  straighten  any 
twist  in  the  stave  passing  through. 

Messrs.  Robinson  and  Smith,  of  Eochdale,  patented 
in  1873  a  method  of  making  bungs  or  shives  for  casks 
by  means  of  a  cylindrical  saw  and  rotary  cutter ;  and 
Messrs.  Hewit  and  Hays  in  1875  patented  a  machine 
for  cutting  staves  by  means  of  two  circular  saws  placed 
side  by  side,  and  arranged  with  such  a  motion  that 
when  a  stave  is  passed  between  them  the  two  sides  are 
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cut  off  at  the  same  time  and  the  proper  bulge  given  to 
the  stave. 

Improvements  in  cask-making  machinery  of  some 
importance  have  been  introduced  by  Messrs.  Thorneley 
and  Buxton,  of  Burton-on-Trent.     They  patented  in 
1875  an  improvement  in  machinery  for  jointing  staves. 
This  consists  in  centreing  v\rooden  staves  both  in  the 
direction  of  their  width  and  length  by  means  of  an 
apparatus  fixed  on  or  to  machinery  used  for  jointing  or 
edging  such  staves.  The  former  is  attained  by  means  of 
a  rotating  cam,  which  opens  the  dressing  knives  or 
cutters  so  as  to  receive  the  widest  stave  between  them, 
and  closing  the  said  cutters  on  the  edges  of  such  stave, 
of  whatever  width,  by  means  of  a  weighted  lever ;  and 
the  latter  is   accomplished  by  lengthening  out  or 
shortening  the  centreing  gear,  so  as  to  bring  the  centre 
of  the  stave  to  the  centre  of  the  said  cutters.  Thorne- 
ley and  Buxton  patented  also  in  1878  machinery  by 
which  wooden  staves  for  casks  are  '  hollowed '  and 
*  backed '  at  one  and  the  same  time.    The  cutters, 
guides,  and  bed  on  which  the  staves  are  dressed  are  so 
arranged  that  bent,  twisted,  or  otherwise  misshapen 
staves  are  easily  worked.    The  cutters  in  this  machine 
are  raised  or  lowered  by  means  of  a  cam  or  eccentric 
for  hollowing  staves  to  a  gradually  varying  thickness 
from  their  centre  towards  each  end. 

In  the  year  1874  a  series  of  improvements  in  cask- 
making  machinery  of  some  novelty  was  patented  by 
John  Woodle}'  and  John  Aaderson.  The  first  part  of 
the  specification  relates  to  apparatus  for  cutting  the 
edges  of  staves  to  the  desired  shape,  or  the  process 
commonly  called  jointing.  For  this  purpose  each  stave 
is  successively  placed  on  the  table  on  or  in  a  groove  of 
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which  an  endless  chain  traverses,  with  projections,  one 
of  which,  by  acting  on  one  end  of  a  stave,  drives  it  for- 
ward between  a  pair  of  radial  arms  or  shafts  at  angles 
one  to  the  other,  carrying  cutters  to  produce  the  desired 
angle  to  the  edges.    The  relative  position  of  the  shafts 
is  variable  by  right  and  left  hand  screw  motions,  by 
which  these  angles  may  be  varied.    These  shafts  are 
supported  in  a  frame  capable  of  movement  transversely 
to  that  of  the  stave,  to  adapt  the  cutting  to  variations 
in  width  of  the  stave.    These  motions  are  effected  by 
cams  or  tappets,  and  rotations  to  the  cutter  shafts  by 
straps  or  bands.    A  saddle  piece  held  by  the  attendant 
and  a  stationary  roller  aid  in  guiding  the  stave  to  the 
cutters,  whilst  weighted  lever-arms  with  rollers  hold  the 
stave  during  the  cutting.    The  invention  also  relates  to 
apparatus  for  hollowing  the  inside  surface  of  the  stave. 
For  this  purpose  each  stave  is,  as  in  the  last  apparatus, 
placed  on  the  table,  so  as  to  be  acted  upon  by  one  of  a 
series  of  projections  from  an  endless  train  chain,  by 
which  it  is  moved  into  position  to  be  cut  by  rotary 
cutters,  driven  by  a  band  or  strap,  and  is  guided  whilst 
moving  forward  by  a  template  or  roller  or  rollers. 
Weighted  guides  and  a  weighted  pressure  roller  guide 
and  aid  in  holding  each  stave  in  position  during  its 
traverse. 

The  cutting  of  the  outer  surface  or  '  backing '  of 
the  staves  is  effected  by  each  stave  being  moved  forward 
by  a  similar  endless  chain  on  a  table,  so  that  the  outer 
surface  of  such  stave  may  be  acted  upon  by  other 
rotary  cutters,  the  motion  of  the  staves  being  aided 
by  weighted  pressure  rollers  and  guides.  The  invention 
also  relates  to  means  for  effecting  the  desired  bevelling 
of  the  edges  of  the  heads  of  the  cask.    Pieces  of  wood 
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jointed  together  to  form  a  head  are  placed  between,  and 
so  as  to  be  held  by,  pins  between  two  plates  capable  of 
sliding  sideways  on  other  face  plates.  The  axis  of  one 
of  these  face  plates  is  hollowed  to  receive  through  it 
the  axis  or  spindle  of  its  sliding  plate.  Eotary  motion 
is  given  to  this  hollow  shaft  to  cause  the  rotation  of 
the  several  plates  and  the  '  head '  held  between  them, 
but  during  this  motion  other  motion  is  given  to  the 
axis  of  the  sliding  plate,  carried  by  the  plate  affixed  to 
that  hollow  shaft,  so  as  to  cause  the  head  to  revolve  in 
an  oval  direction,  so  that  its  edge  may  be  cut  by  the 
bevelling  cutters  to  an  oval  form,  capable  of  adjust- 
ment as  to  extent.  The  invention  also  relates  to  means 
for  planing  the  edges  of  the  separate  breadths  of  wood 
to  form  the  heads.  For  this  purpose  a  table  and  end- 
less chain,  such  as  before  referred  to,  are  employed  to 
conduct  the  pieces  between  a  pair  of  rotary  cutters,  and 
the  distance  apart  of  the  axes  of  these  cutters  is  regu- 
lated to  the  width  of  wood  under  operation  by  a  pair 
of  pins  or  projections  carried  by  frames  supported  by 
right  and  left  hand  screws,  such  frames  also  carrying 
the  axes  of  the  cutters. 

In  the  International  Exhibition  of  Paris,  1878, 
Messrs.  A.  Eansome  and  Co.,  of  London,  exhibited 
specimens  of  their  lately  designed  machinery  for  the 
manufacture  of  powder  barrels;  but,  considering  the 
warlike  and  beer-drinking  proclivities  of  the  age,  ma- 
chinery for  the  rapid  construction  of  casks  was  con- 
spicuous by  its  absence.  During  late  years,  however, 
it  must  be  admitted  that  this  class  of  labour-saving 
tools  has  made  very  great  progress. 
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CHAPTEE  XXIV. 

SAW  AND  CUTTEE   SHARPENING  MACHINES. 

The  sharpening  of  saws  other  than  by  hand  labour  is 
of  modern  origin.  The  fly  press  for  punching  and 
gulleting  saws  has  been  in  use  for  many  years ;  but  a 
machine  for  topping,  bevelling,  and  gulleting  without 
the  aid  of  a  file  was  first  introduced  into  this  country 
about  the  year  1865.  This  sharpening  is  performed  by 
means  of  a  revolving  emery  disc  (or,  more  properly 
speaking,  a  disc  containing  a  composition  of  emery, 
india-rubber,  sand,  &c.),  travelling  at  the  speed  of 
some  5,000  feet  per  minute  at  its  periphery.  A  ser- 
rated steel  disc  has  also  been  tried,  but  with  unsatis- 
factory results,  except  in  the  case  of  band-saw  blades, 
when,  in  the  Paris  International  Exhibition,  1878, 
Martinier's  patent  machine  for  this  purpose  was  toler- 
ably successful,  and  attracted  some  attention.  Messrs. 
Greenwood  and  Batley,  of  Leeds,  first  made  Parnacott's 
patent  saw-sharpener  about  the  year  1865,  and  a  few 
years  later  a  Saunders's  patent  machine  of  French 
origin  was  introduced. 

A  new  form  of  vitrified  wheel  has  lately  been  tried, 
with  considerable  success.  In  this  wheel  the  material 
by  which  the  grains  of  emery  are  united  in  a  solid 
mass  is  somewhat  softer  than  the  emery,  and  allows 


SAIV  AND  CUTTER  SHARPENING  MACHINES.  221 

the  worn-out  particles  of  emery  to  break  away  and 
new  ones  to  present  themselves.  In  the  course  of 
manufacture  these  Avheels  are  burnt  and  baked,  and 
can  be  made  to  present  any  degree  of  hardness  required. 

In  1874  Mr.  James  Harrison,  of  Tattenhall, 
Cheshire,  took  out  a  patent  for  improvements  in  shar- 
pening and  gulleting  saws.  He  claims  as  novel  the 
arranging  of  the  vice  which  holds  the  saw  to  be 
sharpened  in  V  slides  in  a  similar  manner  to  the  slide 
rest  of  a  lathe  ;  so  that  by  means  of  a  rack  and  pinion 
or  screw  adjustment  the  operator  is  enabled  to  traverse 
the  saw  and  bring  it  into  contact  with  the  revolving 
emery  wheel,  which  is  mounted  in  a  frame  that  remains 
stationary,  instead  of  being  arranged  to  traverse,  as 
heretofore,  for  the  purpose  of  adjustment,  whereby  a 
much  steadier  cutting  action  is  obtained.  We  pre- 
sume the  novelty  claimed  in  this  patent  is  the  applica- 
tion of  a  slide-rest  vice  to  the  special  purpose  of 
sharpening  saws ;  but  it  affords  au  apt  illustration  of 
the  very  slender  grounds  of  novelty  on  which  patents 
are  often  applied  for  and  granted  in  this  country. 

In  the  most  improved  machines  now  in  use  the 
emery  wheel  is  mounted  on  a  small  steel  spindle,  run- 
ning in  centres  and  fitted  in  a  counterbalanced  swins-- 
mg  carriage.  This  carriage  can  be  brought  down  to 
the  saw  by  hand,  and  by  means  of  a  quadrant  can  be 
set  to  an  angle  to  give  any  desired  lead  to  the  tooth. 
Where  a  boy  is  employed  to  work,  an  arrangement  can 
be  fitted  to  regulate  the  depth  of  the  gullet  and  the 
pitch  of  the  teeth.  The  saw  to  be  sharpened  is  held  in 
a  vice  having  both  a  lateral  and  transverse  motion. 
The  countershaft  is  usually  placed  at  the  back  of  the 
main  framing  of  the  machine,  which  should  be  cast  in 
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one  piece.  The  band  giving  motion  to  fhe  emery  disc 
passes  over  an  idle  pulley,  and  then  directly  on  to  a 
small  pulley  on  the  emery  disc  spindle.  In  a  well-con- 
structed and  well- worked  saw-sharpener  the  use  of  the 
fly  press  for  guUeting  should  be  entirely  dispensed 
with.  If,  however,  a  saw  should  be  broken,  it  can  be 
used  with  advantage  to  cut  it  down  and  punch  new 
teeth.  The  economical  advantages  accruing  from  the 
use  of  a  saw- sharpener  are  considerable,  it  being 
capable  of  turijing  out  at  least  as  much  work  as  six 
men  sharpening  by  hand,  and  of  better  quality,  and 
the  lead  of  tooth  and  depth  of  gullet  can  be  exactly 
proportioned.  Its  use  also  should  effect  a  total  saving 
in  files,  although  some  operators  persist  in  '  touching 
up '  the  saw  with  files  after  it  has  left  the  machine. 
This  practice  should  always  be  discouraged,  as  the 
cutting  action  of  the  disc,  in  addition  to  engendering 
heat  in  the  points  of  the  saw  teeth — owing  to  the  rapidity 
of  its  motion  through  the  air — causes  a  cooling  process 
to  go  on  at  the  same  time,  which,  when  the  sharpening 
is  completed,  leaves  the  teeth  with  a  considerable 
amount  of  hardness ;  they  consequently  wear  longer 
than  if  left  with  their  '  skin '  soft,  as  is  the  case  in 
hand-sharpening.  The  quality  of  the  emery  discs 
should  be  undoubted,  and  of  not  too  coarse  a  grit,  ex- 
cept for  heavy,  rough  work.  On  the  early  introduction 
of  this  machine  considerable  disappointment  and  loss 
was  occasioned  from  the  unreliable  character  of  the 
discs  then  supplied :  this  is  now  no  longer  the  case. 
Fig.  36  represents  a  compactly  designed  machine,  ar- 
ranged to  sharpen  both  circular  and  straight  saws, 
by  Messrs.  Thomson,  Sterne,  and  Co.,  Limited,  of 
Glasgow. 
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For  sliarpening  band-saw  blades,  up  to  the  present 
time  the  only  machine  that  we  are  acquainted  with  is 
Martinier's  patent,  the  first  of  whose  machines  which 
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was  adapted  for  both  sharpening  and  setting  the  blades 
was  exhibited  in  the  Paris  International  Exhibition, 
1878.    It  is  ingenious,  but  somewhat  complex  in  its 
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construction.  Whether  it  will  stand  the  test  of  time 
remains  to  be  proved.  We  believe  it  has  not  yet  been 
introduced  into  this  country.  The  saw  blade  is  placed 
round  two  pulleys,  and  is  sharpened  by  a  small  revolving 
disc  of  steel,  which  is  bevelled  on  one  edge  and  serrated. 
The  saw  is  brought  forward  a  tooth  at  a  time  by  means 
of  an  automatic  feed,  and  held  in  position  by  a  spring, 
which  is  released  as  each  tooth  is  sharpened,  when 
another  is  advanced.  A.  stop-piece  is  fitted  to  the  saw, 
which  automatically  throws  the  machine  out  of  gear 
when  the  sharpening  is  completed.  A  small  apparatus 
was  attached  for  setting  the  teeth,  but  of  no  special 
novelty. 

Messrs.  J.  A.  Fay  and  Co.,  of  Cincinnati,  U.S.A., 
exhibited  a  clever  little  saw-setting  machine,  which 
gave  to  the  teeth  of  the  saw  a  blow  similar  to  that 
given  by  the  workman's  hammer,  instead  of  a  pressure, 
as  is  usual  in  most  machines  for  this  purpose.  It  is 
capable  of  vertical  and  lateral  adjustment,  according  to 
depths  and  widths  of  teeth  and  gauge  of  saw.  The 
amount  of  set  is  varied  by  means  of  an  adjustable  steel 
pointer,  which  is  bevelled  at  the  bottom  to  the  maxi- 
mum set.  The  saw  is  set  two  teeth  at  a  time,  and  fed 
forward  by  a  paul  and  lever  adjustable  to  the  pitch  of 
the  teeth. 

For  sharpening  planing  and  moulding  irons  an 
ordinary  Yorkshire  grindstone,  with  a  water  of  Ayr  or 
similar  class  of  stone  attached,  is  still  generally  used. 
Several  attempts  have  been  made  to  substitute  emery 
discs,  and  we  illustrate  (fig.  37)  a  little  machine  recently 
patented  by  Mr.  Handyside,  of  Glasgow.  In  the  centre 
of  the  machine  is  a  wheel  suitable  for  grinding  straight 
irons,  and  at  one  end  of  the  spindle  four  emery  wheels 
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adapted  for  sharpening  moulding  irons  are  fitted;  at 
the  opposite  end  of  the  spindle  is  an  emery  hone  for 
finishing  purposes.  The  water  necessary  is  supplied 
by  means  of  a  small  pump,  worked  from  the  counter- 
shaft shown  at  the  back  of  the  machine.  Several  ma- 
chines were  shown  at  the  recent  exhibition  in  Paris  by 
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F.  Arbey  on  which  were  fitted  small  revolving  emery 
discs,  arranged  to  sharpen  the  plane  irons  without  re- 
moving them  from  their  blocks.  In  the  use  of  emery 
for  this  purpose  very  great  care  must  be  observed,  or 
the  cutting  edge  of  the  iron  will  be  made  too  hard, 
and  consequently  chip  in  the  working. 
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Tor  sharpening  long  plane-irons  a  grinding-rest, 
with  lateral  and  transverse  movement,  should  be  at- 
tached to  the  grindstone ;  the  iron  should  be  held  in  a 
frame  arranged  to  set  to  any  desired  bevel,  by  which 
means  the  longest  irons  can  without  difficulty  be  ground 
perfectly  true. 

It  is  very  necessary  that  the  grindstone  itself  should 
be  in  good  order,  and  true  on  the  face.  For  many 
years,  when  the  stone  became  untrue,  it  was  the  custom 
to  turn  it  up  with  a  pointed  steel  tool.  This  plan,  how- 
ever, is  very  wasteful,  and  in  many  establishments  has 
given  i^lace  to  handy  little  apparatus  for  dressing  up 
grindstones,  patented  by  a  Mr.  Brunton  some  five  years 
since.  It  consists  of  a  steel  disc  bevelled  to  a  cutting 
edge  on  one  side,  and  keyed  to  a  spindle  which  revolves 
in  a  socket  attached  to  a  plate.  The  cutting  disc  and 
plate  are  made  to  traverse  across  the  face  of  the  stone 
by  a  hand  wheel  and  screw.  The  disc  is  fixed  at  an 
angle  to  the  stone,  and  is  pressed  against  it,  the  stone 
thus  causing  the  disc  to  revolve  at  a  speed  on  its  cut- 
ing  edge  equal  to  that  of  the  stone.  Any  degree  of 
feed  can  be  put  on  the  cutting  disc,  which  quickly 
removes  inequalities,  leaving  the  face  of  the  stone  per- 
fectly true,  causing  the  smallest  amount  of  waste  to 
the  stone  and  effecting  a  considerable  saving  in  time. 

For  grinding  moulding  irons  some  four  Bilston  or 
other  sandstone  grindstones,  of  some  18  inches  diameter, 
should  be  mounted  on  a  spindle  revolving  in  a  trough. 
These  should  be  turned  up  to  fit  the  outlines  of  the 
various  moulding  irons.  In  addition  to  these  four 
stones,  two  other  fine  grit  stones  are  usually  attached, 
to  give  the  irons  a  fine  cutting  edge  after  they  have 
been  reduced  on  the  shaping  stones. 
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HAND-POWEE  MACHINES. 

One  of  the  most  general  operations  in  joinery  is  that 
of  mortising-,  and  there  are  few  but  the  very  smallest 
establishments  that  cannot  employ  a  machine  driven 
either  by  steam  or  hand  economically.  It  is  a  matter 
of  some  doubt  when  a  machine  for  mortising  was  first 
made  in  this  country.  Probably  rotary  machines  driven 
by  water  power  were  in  use  at  the  end  of  the  last 
century.  However  that  may  be,  Bentham  in  his  speci- 
fications in  1793  distinctly  claims  both  reciprocating 
and  rotary  machines;  and  it  seems  that  he,  in  con- 
nection with  his  brother,  Jeremy  Bentham,  was  com- 
missioned some  few  years  later  by  the  Government  to 
fit  up  several  of  the  dockyards  with  machinery,  amongst 
which  mortising  machines  are  mentioned.  In  the  first 
thirty  years  of  this  century  little  or  no  progress  was 
made,  and  very  little  appears  to  have  been  done  in 
manufacturing  machines  for  sale.  Even  in  the  year 
1848  the  manufacture  was  confined  to  a  very  few  firms 
in  this  country,  amongst  which  we  ma-y  name  the  fol- 
lowing as  the  most  important  :— Worssam,  London ; 
Horn,  London  ;  Powis,  James,  and  Co.,  London;  Eobin^ 
son,  Eochdale;  Eurness,  Liverpool;  McDowall,  John^ 
stone ;  Forrest  and  Barr,  Glasgow ;  and  most  of  these 
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FIG.  38.— HAND-POWEK  MORTISING  AND  BOKING  MACHINE. 
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made  only  on  a  very  small  scale.  When  we  compare 
the  large  establishments  now  in  operation,  and  the 
great  range  of  machines  turned  out,  we  cannot  but 
admit  that  sawmill  engineers  have,  to  say  the  least, 
kept  pace  with  any  other  branch  of  engineering. 

A  mortising  machine  Avorked  by  the  foot  was  in- 
vented by  Mr.  John  Mortimer,  of  Aberdeen,  in  the 
year  1847 ;  and  the  hand-power  lever  mortising  machine 
was  introduced  into  this  country  from  America  by  Mr. 
Coulson,  of  York,  about  the  same  time. 

The  mortising  and  boring  machine  we  illustrate 
herewith  (fig.  38),  although  somewhat  modernised,  is 
substantially  the  same  as  one  brought  out  by  Messrs. 
Wilson  and  Lewis,  for  the  firm  of  Powis,  James,  &  Co., 
in  the  year  1852,  and  for  the  combination  of  the  opera- 
tions of  mortising,  tenoning*,  and  boring  in  one  machine 
letters  patent  were  granted  to  them.  The  illustration 
does  not  show  the  tenoning  arrangement,  which,  how- 
ever, is  easily  added.  As  a  strong,  well-made  machine 
it  compares  favourably  in  the  ratio  of  six  to  one  against 
hand  labour  with  chisel  and  mallet ;  the  wonder  is,  in 
these  high-pressure  days  of  cheap  production,  that  they 
are  not  more  universally  used  than  they  are,  as  they 
would  pay  a  handsome  interest  on  the  amount  invested 
if  they  were  idle  one-half  of  the  year. 

The  action  of  the  machine  is  easily  understood. 
Motion  is  given  to  the  chisel  by  a  counterbalanced 
forked  lever  (worked  by  one  or  both  hands),  which  is 
connected  with  a  gun-metal  cross-head  at  the  top  of  the 
vertical  spindle  by  two  wrought-iron  double  eye-pieces. 
The  wood  to  be  mortised  is  placed  on  a  table  imme- 
diately beneath  the  chisel.  This  table  can  be  worked 
by  the  large  hand-wheel,  which  is  perhaps  the  most 
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convenient  for  light  work,  but  for  lieavj  work  a  self- 
acting  arrangement  can  be  used  with,  advantage.  This 
self-acting  motion  is  gained  by  a  side  rod  from  the 
forked  lever,  acting  by  means  of  a  stop-piece  on  another 
small  weighted  lever,  at  the  end  of  which  is  a  wrought- 
iron  paul,  acting  on  a  toothed  wheel  which  is  fixed  to 
a  spindle.  A  pinion  on  this  spindle  works  in  a  rack 
beneath  the  table ;  thus,  when  the  forked  lever  is  in 
work,  a  lateral  motion  is  given  to  the  same.  It  is 
easily  thrown  out  of  motion  when  not  wanted  by  moving 
the  stop-piece.  The  chisel  used  is  of  solid  cast  steel, 
tapered  somewhat  on  back  and  sides,  which,  after  trial 
of  hollow  and  many  other  forms,  is  undoubtedly  the 
best  for  all  practical  purposes.  It  has  a  plain  tapered 
end  fitting  into  a  socket.  Some  makers  fit  a  '  feather ' 
on  to  their  chisels,  with  the  idea  of  always  keeping 
tliem  square  to  the  work. 

This  I  do  not  recommend,  as  after  a  time  the 
'feather'  is  apt  to  get  loose  or  twisted.  Forked  or 
double-mortise  chisels  have  also  been  tried,  but  with- 
out much  success.  This  machine  is  adapted  for  doing 
any  kind  of  mortising  in  soft  or  hard  woods ;  in  the 
latter,  however,  it  is  necessary  a  hole  should  be  bored 
in  the  line  of  mortise  to  clear  the  chisel.  It  can  be 
worked  by  unskilled  labour,  hence  its  great  practical 
value  in  the  Colonies  as  well  as  at  home.  In  fixing 
the  chisel  to  commence  work,  press  it  up  in  its  socket ; 
making  a  light  indentation  in  wood,  reverse  chisel,  and 
bring  same  down  again,  and  note  that  it  falls  square 
between  gauge-lines.  In  wedging  a  mortise,  it  is  only 
necessary  to  raise  one  end  of  wood  and  make  the  wedge 
cut  before  removing  same.  To  take  the  jar  off  the 
cross-head  at  the  top  of  vertical  spindle  (which  is  con- 
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siderable  in  liard  wood)  an  india-rubber  washer  about 
an  incli  in  thickness  is  fitted  on  spindle  immediately 
beneath  it.  The  boring  motion  needs  no  explanation, 
it  consisting  merely  of  a  pair  of  bevel  wheels  worked 
by  a  handle  which  gives  a  rotary  motion  to  the  spindle, 
and  an  auger  is  inserted  in  the  spindle  socket  in  place 
of  a  chisel.  The  tenoning  arrangement  consists  of  a 
pair  of  adjustable  bevelled  knives,  fixed  to  a  forked 
tool-holder,  fitted  into  the  chisel  socket,  and  working 
in  a  slide  fixed  to  the  table. 

The  operation  is  the  same  as  for  mortising;  the 
wood,  however,  is  cut  away  on  the  edges,  and  the  tenon 
is  left  in  the  centre.  Tenons  can  be  cut  rapidly  in  this 
manner,  but  great  care  is  necessary  to  keep  the  knives 
in  order,  as  they  are,  even  with  careful  management, 
apt  to  spring,  thus  cutting  an  untrue  tenon,  thicker  at 
the  bottom  than  at  top.  When  mortises  or  tenons 
have  to  be  cut  or  holes  bOred  at  an  angle,  the  table 
which  holds  wood  can  be  arranged  to  cant  and  fixed  to 
any  angle  desired  ;  by  means  of  a  quadrant  and  pointer 
worked  by  a  worm  and  worm  wheel,  it  can  also  be  made 
to  rise  and  fall  when  the  work  varies  very  much.  Some 
few  machines  worked  by  the  foot  are  in  use  ;  they  may 
answer  tolerably  for  very  light  work,  but  for  the  general 
rough  work  of  a  builder's  establishment  they  are  of 
little  value. 

In  1861  Mr.  Jackson,  of  Leeds,  patented  some 
improvements  in  the  method  of  operating  hand-lever 
mortising  machines. 

In  the  year  1876  Mr.  John  Phillips,  of  London, 
patented  some  improvements  in  hand  mortising  ma- 
chines, the  chief  of  which  was  the  mounting  of  the 
hand  lever  at  the  upper  end  of  a  rocking  fulcrum  bar. 
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Recently  also  a  machine  has  been  patented  with  two 
separate  vertical  slides  (one  holding  the  mortise  chisel 
and  the  other  the  core-driver),  fitted  to  the  main 
standard  of  the  machine.  These  are  worked  by  two 
separate  hand-levers,  attached  to  which  are  the  rock- 
ing side-rods,  which  allow  the  chisel  to  have  a  greatly 
increased  stroke,  thus  obviating  the  necessity  of  rising 
and  falling  the  table  to  suit  different  thicknesses  of 
stuff.  The  chisel  has  a  stroke  of  11  inches,  and  this 
plan  should  be  found  advantageous  when  mortising 
right  through  a  piece  of  wood ;  but  when  a  mortise 
is  to  be  made  only  half-way  through,  the  ordinary 
form  of  machine  is  preferable.  Various  minor  im- 
provements have  been  introduced  into  hand  mortising 
machines  by  Haigh,  Gr.  Wilson,  Green,  and  others. 
In  the  present  year  (1879)  Mr.  J.  Phillips  has  patented 
an  improved  revolving  tool  box,  especially  adapted 
for  mortising  machines.  The  different  tools  employed, 
such  as  the  mortise  chisel,  core-driver,  tenoning  tool, 
and  boring  bit,  are  fitted  to  the  tool  box  in  a  simi- 
lar manner  to  the  nave  of  a  wheel  with  four  spokes. 
These  are  arranged  to  turn  round  on  an  axle,  and  are 
held  in  any  desired  position  by  means  of  a  spring  bolt. 
Thus  after  a  mortise  is  cut  the  box  can  be  revolved, 
and  the  core-driver  brought  into  position  to  finish  the 
mortise  at  once,  obviating  the  constant  alteration  of 
tools  or  moving  of  wood.  This  arrangement  is  now 
being  introduced  by  W.  E.  Eeynolds  and  Co.,  London. 

Hand-power  saw  benches  with  and  without  combi- 
nations of  band  sawing  machines,  &c.,  have  been  of  late 
somewhat  extensively  introduced,  and  for  light  work 
and  where  steam  is  not  available  they  are  doubtlessly 
of  considerable  use.    The  machine  herewith  illustrated 
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(fig.  39)  is  from  the  designs  of  Messrs.  C.  Powis  and  Co., 
Millwall  Pier,  E.,  who  are,  we  believe,  the  original  in- 
troducers of  these  combinatjcns  ;  its  working  is  simple, 
and  is  easily  understood  from  the  engraving.  The  cir- 
cular saw  is  driven  by  a  belt  from  the  fly-wheel  shaft, 
to  which  also  is  fitted  fast  and  loose  pulleys  to  drive  by 
steam  if  desired.  This  motion  is  easier  and  considered 
far  preferable  to  the  method  pursued  by  some  makers, 
of  gearing  a  toothed  wheel  directly  into  a  pinion  on 
the  saw  spindle.  The  spindle  is  fitted  in  a  slide,  and 
arranged  to  rise  and  fall  for  the  purposes  of  grooving, 
rebating,  &c.  One  end  of  saw  spindle  is  bored  to  re- 
ceive augers. 

A  very  useful  addition  to  the  machine  is  the  small 
cross-cutting  slide  shown  on  the  top  of  the  bench.  The 
band  saw  is  arranged  to  run  over  three  pulleys  instead 
of  two,  which  is  an  improvement,  as  it  renders  the 
tension  on  the  saw  much  less  than  it  would  be  when 
running  over  the  small  wheels,  and  the  breakage  of 
saws  is  considerably  lessened  thereby.  This  machine 
is  worked  directly  from  the  spindle,  and  the  necessary 
tension  is  given  to  the  band  saw  by  a  spiral  spring ; 
the  table  is  also  arranged  to  cant  to  45°  for  bevel- cut- 
ting. This  machine  should  be  useful  to  chairmakers 
and  others  who  do  much  light  irregular  sawing,  espe- 
cially if  worked  by  steam.  An  improvement  in  working 
hand-power  benches  has  recently  been  introduced  by 
Messrs.  Olley,  of  Southwark.  In  consists  in  making  the 
circular  saw  to  cut  up-hill  against  the  wood  instead  of 
down.  By  this  means  the  drag  on  the  saw  is  very  much 
reduced,  the  driving  power,  of  course,  being  lessened 
in  proportion. 

Several  forms  of  hand  mitreing  machines  for  '  shoot- 
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ing '  the  mitres  of  picture  frames,  &c.,  have  been  con- 
structed, with  more  or  less  success.  One  of  the  first 
machines  made  had  a  motion  directly  vertical  to  the 
wood  ;  this  was  secured  by  a  pair  of  right-  and  left-hand 
knives  fixed  to  a  cast-iron  block  working  in  a  vertical 
guide,  and  operated  on  by  a  lever ;  this  gave  an  up-and- 
down  or  '  chopping '  motion.  The  knives  were  set  to 
an  angle  of  45°,  but  with  a  little  alteration  the  angle 
could  be  varied,  if  desired.  The  knives  required  con- 
siderable care  to  enable  them  to  cut  any  length  of  time, 
but  some  operators  even  now  prefer  this  machine  to 
others  of  more  recent  date. 

Some  six  years  since  a  patent  for  an  improved 
mitreing  machine  was  taken  out  by  a  Mr.  Shute,  of 
London,  and  we  believe  considerable  numbers  of  this 
machine  have  been  made.  The  improvement  claimed 
is  that,  instead  of  the  ordinary  vertical  action  across 
the  grain  of  the  wood,  the  moulding  to  be  operated  on 
is  set  on  edge  and  the  knives  made  to  cut  in  a  diagonal 
direction,  thus  operating  more  or  less  with  the  grain  of 
the  wood  instead  of  across  it. 

A  double  mitre-cutting  machine  has  also  been  re- 
cently patented  by  Mr.  Bowman,  of  London.  In  this 
machine  tAvo  cutters  are  arranged  in  slides,  working 
diagonally  at  right  angles  to  each  other ;  these  cutter 
slides  are  worked  by  means  of  a  lever  and  two  toothed 
wheels,  which  gear  into  each  other  and  into  racks  of 
corresponding  pitch,  which  are  fitted  to  either  cutter 
slide.  The  knives  are  capable  of  cutting  the  moulding 
to  a  required  length,  and  at  the  same  time  mitreing  it. 

Several  other  machines  have  been  made,  the  knives 
being  given  a  horizontal  motion,  &c.,  but  we  are  afraid 
the  machine  has  yet  to  be  invented  that  will  cut  true 
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for  a  continuance  without  splintering  or  leaving  ragged 
edges — say,  bolection  or  gilt  mouldings,  for  instance. 

There  are  some  few  machines  made  for  fret-cutting, 
boring,  &c.,  by  hand  or  foot  power,  but  as  they  are 
chiefly  used  for  light  ornamental  work,  they  hardly 
come  within  the  scope  of  this  work. 
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COEKWOOD-WORKING  MACHINERY. 

The  writer  has  recently  spent  a  considerable  amount  of 
time  in  perfecting  several  machines  for  manipulating 
cork  wood.  This,  owing  to  its  elasticity  and  yielding 
properties  when  under  the  action  of  the  cutters,  is  a 
difficult  material  to  operate  on.  For  rounding  cork 
wood  for  bottle  corks,  bungs,  &c.,  the  best  plan  to 
pursue  is  to  mount  in  an  adjustable  slide  with  a  hori- 
zontal motion  a  plain  steel  knife  some  18  inches  long, 
which  can  be  kept  constantly  sharpened  by  means  of 
small  revolving  emery  wheels  bearing  directly  on  its 
cutting  edge.  The  cork  wood  to  be  rounded  is  secured 
between  spring  chuck  centres,  and  when  horizontal 
motion  is  given  to  the  knife  a  rotary  motion  can  be 
imparted  to  the  cork  wood  by  means  of  a  lever  and  belt. 
The  slide  carrying  the  knife  should  be  arranged  to 
swivel,  and  be  adjustable  to  varying  sizes  of  corks,  and 
also  adjustable  vertically  at  either  end ;  thus  by  lowering 
the  slide  at  one  end  and  making  the  knife  to  traverse 
diagonally  taper  as  well  as  cylindrical  corks  can  be 
cut.  Chucks  fitted  with  several  steel  needle-points  are 
to  be  preferred  for  general  purposes,  as  the  cork  wood 
is  very  rapidly  fixed  in  them  and  the  slight  indenta- 
tions made  by  the  steel  points  disappear.   The  chucks 
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employed  are  of  course  made  to  suit  the  different- sized 
corks  or  bungs  required.  Cork  wood  is  often  employed 
in  sheets  as  lining  for  helmets,  hats,  socks,  &c.,  owing 
to  its  lightness  and  protective  powers.  These  sheets 
have  sometimes  to  be  produced  as  thin  as  paper,  an 
operation  of  considerable  delicacy.  I  have  employed 
with  success  for  this  purpose  a  circular  revolving  steel 
knife  ground  sharp  at  its  periphery,  and  the  cork  wood, 
which  is  cut  in  the  first  instance  to  the  shape  the 
sheets  are  required,  is  fixed  in  a  movable  chuck-plate, 
arranged  to  revolve  by  hand  and  fitted  with  an  ex- 
tremely delicate  feed-motion  for  bringing  the  cork  wood 
to  the  knife,  or  vice  versa. 

Cork  wood  is  largely  employed  in  the  manufacture 
of  different  kinds  of  floor  coverings,  such  as  corticine, 
&c.  For  this  purpose  it  is  necessary  to  reduce  it  to 
the  very  finest  powder,  such  as  would  pass  through  a 
70-mesh  sieve.  The  production  of  this  must  be  set 
down  as  perhaps  the  most  difiicult  of  all  operations  in 
wood  conversion.  If  it  is  passed  through  a  high- 
speed disintegrator,  making  some  3,500  revolutions 
per  minute,  the  bulk  of  the  product  is  far  too  coarse 
for  the  purposes  required.  Ordinary  edge-runners  will, 
with  sifting,  produce  the  required  fineness  of  powder; 
but  this  is  at  the  best  a  very  slow,  and  therefore  an 
expensive,  process.  The  writer  has  made  a  variety  of 
experiments  in  this  direction,  which  have  more  or  less 
failed  in  their  object;  but  he  is  now  engaged  in  con- 
structing a  machine  in  which  rubbing  and  cutting 
actions  are  combined,  and  he  has  so  far  every  reason  to 
believe  this  arrangement  will  have  the  desired  result. 
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MISCELLANEOUS  MACHINEET  FOR  "WORKING  WOOD. 

A  LARGE  number  of  macliines  have  been  produced  from 
time  to  time  for  performing  tlie  many  special  operations 
required  in  the  conversion  of  timber.  Many  of  tbese 
machines  are  made  for  or  by  the  users,  and  often  em- 
body in  their  construction  points  of  great  ingenuity, 
which  the  owners  keep  to  themselves.  Possibly  in 
these  days,  when  the  rule  .seems  to  be,  '  Live  on  other 
men's  brains  if  you  can,  if  you  cannot  use  your  own,' 
they  jnay  not  be  much  to  blame  in  not  making  known 
an  idea  from  which,  owing  to  more  rapid  and  econo- 
mical production,  they  derive  an  extra  gain.  These 
inventions  or  improvements  are  usually  made  by  small 
masters,  or  men  operating  the  machines,  who,  owing  to 
slender  means,  are  unable  to  pay  the  high  rate  of 
patent  fees  in  vogue  in  this  country  to  protect  their 
ideas,  and  have  perhaps  found  to  their  cost,  in  conjunc- 
tion with  many  others,  that  the  recompense  arising 
from  working  for  the  public  good  may  be  represented 
by  the  algebraic  term  z.  America,  on  the  contrary, 
rejoices  in  a  low  patent  rate,  and  doubtless  this  has  its 
objections ;  but  we  think  it  may  be  cited  as  one  of  the 
several  reasons  why  America  is  enabled — although  af- 
fording her  producers  a  higher  rate  of  pay — to  compete 
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with  us  successfully  at  our  very  doors.  In  many  of 
the  machines  of  American  construction  known  to  the 
writer,  although  they  are  certainly  not  superior  in 
design  or  workmanship  to  English-made  machines  of 
the  same  class,  they  seem  to  him  to  be  carried  further 
and  made  more  complete  in  their  general  details  and 
range  of  operation,  small  and  effective  '  notions  '  being 
introduced,  increasing  little  the  first  cost  of  the  ma- 
chine, but  adding  greatly  to  its  economic  production 
when  multiplied  by  a  series  of  months  or  years. 

Amongst  miscellaneous  machines  for  converting 
wood  those  for  finishing  the  surface  by  means  of  sand 
paper  are  deserving  of  mention.  These  vary  in  con- 
struction according  to  the  nature  of  the  work  required. 
For  finishing  doors  or  other  large  surfaces  usually  a 
number  of  flexible  arms  are  attached  to  a  column  or 
bolted  by  means  of  a  bracket  to  a  wall.  By  the  use  of 
elbow  joints  these  arms  a.re  arranged  to  move  in  any  di- 
rection. The  sand  paper  is  fastened  on  a  disc  which  is 
mounted  on  a  vertical  spindle,  and  receives  motion  by 
belt  gear.  A  flat  surface  is  thus  presented  by  the  sand- 
paper face  of  the  disc  to  the  wood.  The  article  to  be 
finished  is  placed  on  a  table  immediately  beneath  the 
revolving  disc,  which  can  be  adjusted  to  difl'erent  thick- 
nesses of  work  by  a  hand  wheel  and  screw  or  other 
suitable  means.  The  pressure  of  the  disc  can  be  regu- 
lated by  a  spring,  and  an  exhaust  fan  should  be  attached 
for  the  removal  of  the  dust,  thus  enabling  the  operator 
to  see  at  a  glance  when  the  right  amount  of  finish  is 
attained.  For  straight,  flat  surfaces  the  sand  paper  is 
sometimes  mounted  on  a  cylinder  or  drum  placed  im- 
mediately below  a  table,  but  part  of  its  periphery 
projecting  slightly  above  its  surface.    The  wood  can 
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either  be  passed  over  the  face  of  the  drum  by  hand  or 
a  self-acting  roller  feed  can  be  fitted,  similar  to  that  on 
a  light  planing  machine.  The  face  of  the  drum  on 
which  the  sand  paper  is  fixed  should  be  covered  with 
some  moderately  flexible  material,  and  the  drum  should 
be  adjustable  vertically  to  vary  the  amount  of  the 
cutting  action  of  the  sand  paper. 

For  turning  broom  handles  and  suchlike  cylindrical 
rods  several  machines  are  in  use,  varying  chiefly  in 
the  arrangement  and  shape  of  their  cutting  tools.  For 
rounding  purposes  a  hollow  mandrel  is  usually  employed, 
into  which  hollow  chucks  arranged  with  knives  are 
fitted;  these  chucks  vary  in  their  bore  according  to  the 
sizes  required.  The  wood  to  be  rounded  is  either  pushed 
through  the  chuck  and  mandrel  by  hand  or  by  the  aid 
of  self-acting  feeding  gear.  One  patented  by  Messrs.  C. 
B.  Eogers  and  Co.,  of  Norwich,  U.S.A.,  and  shown  at 
the  International  Exhibition  in  Paris,  1878,  is  some- 
what novel.  It  is  self-feeding,  but  does  away  entirely 
with  feeding  gear,  the  cutters  being  arranged  in  the 
hollow  mandrel  through  which  the  wood  passes  in  such 
a  manner  that  a  kind  of  screw  feed  is  given,  which, 
after  the  cutters  first  strike  the  wood,  pulls  it  through 
without  extraneous  aid.  The  mandrel  is  speeded  to 
make  3,000  revolutions  per  minute. 

A  very  ingenious  machine  for  turning  oars  was  in- 
vented and  patented  by  one  Ezekiel  Page,  an  American, 
in  the  year  1842,  by  which  he  was  enabled  to  shape 
two  oars  out  of  a  piece  of  wood  where  one  only  before 
had  been  obtained,  the  remainder  being  cut  to  waste. 
Our  space,  however,  unfortunately  forbids  an  extended 
notice.  About  the  year  1855  a  machine  for  dressing 
oars  on  Steele's  patent  was  erected  at  the  Royal 
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Dockyard  at  Chatliam.  The  wood  was  first  roughed 
out  by  two  sets  of  circular  saws  mounted  upon  swivel- 
ling cylinders,  arranged  to  turn  on  their  centres,  whilst 
a  sliding  bed  allowed  them  to  advance  or  retire  from 
each  other  by  the  action  of  an  adjustable  '  feeler  bar ' 
or  tracer.  After  the  wood  passed  through  this  machine 
it  had  the  general  outline  of  an  oar,  but  with  rectangu- 
lar section  ;  it  was  then  passed  to  a  finishing  machine, 
when  the  loom  and  blade  were  finished  simultaneously 
by  two  sets  of  cutters. 

Mr.  Gr.  L.  Molesworth,  in  his  paper  read  in  1857 
before  the  Institute  of  Civil  Engineers,  mentions  several 
machines  for  sawing  curved  ship's  timbers,  including 
one  invented  by  a  Mr.  Hamilton,  of  the  United  States, 
and  another  by  M.  Normand,  of  Havre.  In  Mr.  Hamil- 
ton's machine  two  straight  saw-blades  were  attached 
to  buckles  arranged  to  turn  on  their  centres  whilst  in 
motion.    These  saws  were  mounted  in  swing  frames 
formed  of  hollow  wrbught-iron  bars,  to  combine  strength 
with  lightness.    In  one  large  or  external  swing  frame 
two  internal  swing  frames  were  arranged,  with  a  trans- 
verse sliding  motion  along  the  external  swing  frame. 
Each  of  the  saws  which  were  mounted  in  the  internal 
swing  frames  were  turned  on  their  centres,  and  guided 
by  the  workman  to  any  line  marked  out  on  the  timber 
by  a  forked  lever  of  wood  applied  to  the  back  of  the 
saw.   The  timber  was  arranged  to  swivel  on  its  axis  by 
means  of  gearing,  thus  enabling  a  variable  bevel  to  be 
cut  as  it  was  fed  forward. 

A  method  for  ensuring  accura,cy  in  sawing  ship's 
timbers  of  varying  bevel,  obviating  the  necessity  of 
trusting  entirely  to  the  eye  of  the  workman,  is 
worthy  of  notice  it  was  invented  by  a  Mr.  Green  some 
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five-and-twenty  years  ago.  The  machine  was  fitted 
with  a  small  roller,  worked  bj  suitable  gearing,  and 
the  travel  of  its  periphery  was  made  proportional  to 
the  feed  of  the  timber  through  the  saws.  A  tracer  was 
attached  by  gearing  to  the  swivelling  centre  of  the  log, 
and  indicated  any  bevel  given  to  the  wood.  A  small 
diagram  of  the  required  bevel  was  drawn  to  scale  and 
wound  round  the  roller;  the  tracer  was  kept  on  the 
lines  of  the  diagram  as  it  slowly  revolved  by  means  of 
a  screw,  and  the  log  was  cut  to  a  bevel  corresponding 
with  the  diaofram. 

The  novelty  in  M.  Normand's  machine  for  cutting 
ship's  timbers  consisted  in  the  method  employed  for 
supporting  and  feeding  the  timber.  The  log  rested  on 
four  horizontal  rollers,  which  were  capable  of  moving 
in  the  same  plane,  so  that  their  axes  may  be  either 
parallel  or  in  such  a  position  that  the  imaginary  lines 
formed  by  the  production  of  their  axes  shall  meet  at 
the  centre  and  be  portions  of  radii  of  a  circle  of  large 
or  small  diameter,  as  required.  By  means  of  a  handle 
the  positions  of  these  rollers  could  be  altered,  and  the 
log  caused  to  travel  through  any  segment  of  a  circle, 
the  centre  of  which  was  indicated  by  the  roller  axes; 
and  as  this  centre  could  be  altered  whilst  the  machine 
was  in  motion,  the  curve  described  to  could  be  varied 
to  any  extent.  A  frame,  upon  which  the  rollers  were 
supported,  was  arranged  on  a  longitudinal  axis,  so  as  to 
be  canted  with  the  rollers  and  the  log  to  any  desired 
angle.  A  ratchet  movement  was  added,  to  make  this 
movement  self-acting  if  required. 

Amongst  other  machines  mentioned  in  this  in- 
teresting paper  was  a  simple  one  for  rounding  wood 
for  broom  handles,  &c.    This  was  the  invention  of  a 
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Mr.  Wilson.  In  this  macliine  a  cylindrical  gauge 
cutter  and  a  paring  tool  in  the  form  of  a  disc  were 
employed.  They  were  arranged  to  turn  in  their  sockets 
as  required,  thus  presenting  continually  a  new  cutting 
edge. 

In  1868  Mr.  J.  Sanders,  of  New  York,  patented 
a  somewhat  novel  combination  of  circular  saws  and 
cutters  for  mitreing  the  joints  of  rectangular  frames, 
such  as  are  used  in  looking-glasses,  pictures,  and  win- 
dow frames.  At  either  end  of  a  spindle,  which  revolved 
in  bearings  fixed  at  the  top  of  au  iron  frame  or  table, 
was  mounted  an  annular  circular  saw.  These  saws 
were  not  mounted  in  the  usual  way,  but  secured  to 
turned  wrought-iron  flanges  or  washers.  These  flanges 
were  bolted  to  hollow  circular  cutter-blocks,  which 
were  fitted  with  three  or  more  plane  irons,  arranged  to 
project  slightly  beyond  the  surface  of  the  saw  plate  and 
plane  the  joint  of  the  mitre  smooth  after  it  was  cut  by 
the  circular  saw.  These  plane  irons  were  fixed  in 
recesses  in  the  circular  cutting  block  at  an  angle  of  about 
45  degrees  to  the  face  of  the  plate,  and  kept  in  their 
places  by  means  of  wedges  actuated  by  screws.  This 
plan  leaves  a  clear  space  for  the  discharge  of  shavings, 
&c.  The  wood  to  be  jointed  is  placed  on  the  frame, 
sliding  horizontally  on  the  top  of  the  table,  and  fitted 
with  fences  at  an  angle  of  90  degrees  to  the  face  of  the 
saw.  This  sliding  frame  is  fitted  with  stop  pieces  and 
index  plate,  by  which  the  lengths  of  the  frames  to  be 
jointed  can  easily  be  regulated.  The  sliding  plate 
works  longitudinally  on  V's,  and  can  either  be  pushed 
past  the  saws  and  cutters  by  hand  or  self-acted  by 
means  of  a  rack  and  pinion  actuated  by  worm  gearing- 
fixed  on  a  countershaft  at  one  end  of  the  machine. 
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In  1853  Mr.  W.  Kendall,  of  Blawith,  Lancashire, 
took  out  a  patent  for  improvements  in  machinery  for 
turning  and  hollowing  wooden  boxes,  or  cutting  out 
solid  wood  into  boxes  or  other  receptacles  of  a  like 
class.  The  apparatus  consisted  in  general  form  of  a 
horizontal  spindle,  carrying  a  species  of  chuck,  which 
was  fitted  with  a  projecting  circular  gauge  of  the  size 
of  the  outside  of  the  box  to  be  hollowed.  In  the 
centre  of  the  chuck  and  gauge  was  a  cutter  made  up  of 
a  small  tool,  fitted  into  a  second  revolving  chuck  in 
such  a  way  as  to  permit  a  small  portion  only  of  the 
cutting  edge  to  project.  The  wood  blank  is  turned  in 
a  separate  lathe.  This  blank  is  placed  with  its  axis  co- 
incident with  the  axis  of  the  cutter  spindle ;  it  is  urged 
longitudinally  forward  by  a  runner,  its  end  being  in- 
serted in  the  gauge,  whilst  the  revolving  cutter  scoops 
out  the  wood.  The  cutter  and  its  position  as  regards 
the  centre  of  revolution  were  so  arranged  as  to  cut  the 
hollow  to  the  required  gauge  of  box. 

Amongst  miscellaneous  wood- working  machines 
must  be  mentioned  Messrs.  Greenwood  and  Batley's 
machines  for  manufacturing  gun  stocks  and  other  war- 
like materials.  Several  series  of  these  machines  have 
been  erected  by  them  for  the  Government  at  Woolwich, 
Enfield,  and  elsewhere,  leaving  little  in  the  manufacture 
of  a  gun  stock  to  be  performed  by  hand,  the  recess  for 
receiving  the  lock  even  being  cut  out  by  mechanical 
means.  This  operation  is  novel  and  somewhat  difficult 
to  perform.  A  series  of  five  cutters  are  mounted  on 
five  separate  spindles,  each  fitted  in  a  separate  slide 
arranged  in  a  rotating  circular  frame.  Each  slide  has 
a  vertical  and  horizontal  movement.  The  gun  stock 
and  a  hardened  steel  model  of  the  recess  required  to  be 
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cut  are  fixed  on  a  table  sliding  horizontally  at  right 
angles  to  the  horizontal  motion  of  the  cutter  slides. 
The  cutter  spindles  run  at  a  high  speed,  and  are  brought 
into  operation  in  succession,  and  by  compounding  the 
motions  any  shaped  recess  can  be  accurately  formed, 
each  cutter  being  governed  by  a  'tracer'  which  travels 
over  the  surface  of  the  required  model. 
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MISCELLANEOUS  MACHINERY  FOR  "WORKING  WOOD — 
continued. 

Several  attempts  liave  been  made  to  supersede  manual 
labour  in  felling  trees  in  the  forest,  but,  owing  to  the 
difficulties  of  situation  or  manipulation,  hitherto  with 
only  qualified  success ;  and  although  possibly  under 
special  circumstances  mechanical  means  may  be  em- 
ployed economically,  we  are  of  opinion  that  the  day  is 
far  distant  when  the  sound  of  the  woodman's  axe  will 
be  banished  by  steam  machinery.  Inventors  in  this 
direction  include  Thompson,  Fouseque  and  Cordes, 
Ransome,  and  others.  Thompson  exhibited  an  appa- 
ratus for  this  purpose  as  far  back  as  our  International 
Exhibition  of  1862.  This  consisted  of  a  couple  of 
saws  let  into  an  endless  band  reciprocating  between 
two  pulleys.  One  pulley  was  fixed  on  either  side  of  the 
tree  to  be  felled,  and  one  of  them  was  arranged  to  pivot 
in  a  circular  segmental  slide  concentric  with  the  sta- 
tionary pulley.  The  saw  was  fed  into  the  tree  by 
shifting  the  saw  frame  towards  it  radially  upon  the 
fixed  pulley  as  a  centre ;  after  the  tree  was  cut  half-way 
through  the  saw  was  moved  to  the  other  side  and  the 
operation  repeated. 

A  few  years  since  Messrs.  Eansome  and  Co.,  of 
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London,  patented  a  machine  for  felling  and  cross-cut- 
ting trees.  This  machine  briefly  consists  of  a  steam 
cylinder  of  small  diameter,  but  arranged  with  a  long 
stroke.  This  cylinder  is  mounted  on  a  wrought-iron 
frame,  and  arranged  to  pivot  by  means  of  a  hand  wheel 
and  worm,  gearing  into  a  toothed  quadrant  fitted  to 
the  back  of  the  cylinder.  The  saw  is  fixed  directly  on 
to  the  end  of  the  piston  rod,  and  arranged  to  travel  in 
guides ;  the  teeth  of  the  saw  are  formed  to  cut  only 
during  the  backward  stroke.  The  cylinder  is  supplied 
with  steam  from  a  portable  boiler  by  means  of  flexible 
tubing,  and  the  machine,  when  used  for  felling,  is  at- 
tached by  a  screw  to  a  trident-pointed  bar  driven  into 
the  tree  itself.  After  the  saw  has  progressed  some  little 
way  in  its  cut  wedges  are  driven  into  it,  to  prevent  the 
saw  being  pinched  or  buckled  and  to  guide  the  fall  of 
the  tree.    Four  men  are  required  to  manipulate. 

Another  method  of  felling  trees  by  means  of  re- 
volving cutters  has  recently  been  tried,  but  without 
much  success.  The  plan  pursued  was  to  mount  in  a 
frame  a  lever  carrying  two  arms,  which  were  adjustable 
horizontally  to  the  size  of  the  tree.  On  these  arms 
were  mounted  revolving  cutters,  which  made  an  incision 
into  either  side  of  the  tree ;  to  keep  the  machine  taut 
a  chain  actuated  by  a  winch  was  attached  to  the  frame 
and  encircled  the  tree. 

A  portable  tree-feller  and  sawing  machine  was 
patented  by  W.  H.  Smyth  in  1878.  It  consisted  of  a 
reciprocating  saw,  united  by  a  connecting-rod  with  a 
cross  head,  working  on  guides.  The  guides  are  loosely 
united  at  their  rear  end  with  the  driving  axle,  so  that 
they  move  round  it  as  a  centre  as  the  saw  makes  its 
cut.    The  driving  crank  is  formed  in  this  axle  between 
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the  guides,  and  is  connected  with  the  connecting-^rod. 
A  lug  on  the  latter  actuates  a  paul  gearing  with  a 
ratchet  on  the  end  of  a  spindle,  to  the  other  end  of 
which  is  fixed  a  pinion  gearing  with  a  rack  formed  on 
the  frame  at  the  upper  end  of  the  machine,  so  that  at 
each  stroke  the  saw  is  fed  forward  into  the  cut. 

In  1874  also  Fouseque  and  Cordes,  of  Paris,  pa- 
tented an  apparatus  for  cutting  down  trees. 

An  antifriction  or  rolling  cam-press  for  extracting 
the  stumps  of  trees,  the  invention  of  Mr.  Dicks,  an 
American,  should  be  mentioned ;  although  it  has  never 
come  into  much  use,  it  was  of  great  strength,  and 
possessed  several  features  of  novelty  and  interest  to 
engineers. 

During  the  erection  of  our  International  Exhibition 
of  1851  a  series  of  machines  were  designed  bj  Paxton, 
Birch,  Furness,  and  Cooper  for  cutting  gutters,  shaping 
hand  rails,  sash  bars,  &c.,  and  sawing,  planing,  and 
moulding  the  various  wood  work  used  in  the  erection. 

A  considerable  number  of  patents  have  been  ob- 
tained in  connection  with  carving  machinery.  Mr. 
J.  Gibbs  obtained  one  in  1829  for  a  machine  for 
shaping  and  recessing  in  low  relief,  shaping  busts,  &c. 
Irviug's  patent  in  1843  consists  chiefly  of  improvements 
and  modifications  of  Gibbs's,  but  he  claims  all  com- 
binations for  carving  in  which  the  swing  frame  carry- 
ing the  cutters  and  table  carrying  the  wood  have  both 
circular  motions. 

Jordan's  well-known  system  of  carving  machinery 
by  means  of  revolving  tools  was  patented  in  1845.  It 
was  extremely  ingenious  and  novel  in  many  of  its 
working  details,  but,  being  somewhat  complex  and 
elaborate,  has  never  come  into  extended  use.  Some 
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ten  years  after  a  carving  machine  was  invented  by  M. 
Mathieu,  a  Frencli  engineer.  It  was  made  up  of  four 
motions,  consisting  of  the  direct  rotary  action  of  cutters, 
a  traverse  motion,  and  a  transverse  motion  of  cutters 
and  a  raising  and  lowering  action  of  the  wood  or  other 
material  under  treatment. 

A  number  of  machines  have  been  designed  for  the 
manufacture  of  wood  interiors  of  railway  carriage 
wheels.  Complete  sets  of  machines  for  this  purpose 
have  been  erected  by  Messrs.  Greenwood  and  Batley, 
Eobinson,  &c. 

Messrs.  Greenwood  and  Batley's  series  of  machines 
includes  an  upright  circular-table  planing  machine  for 
planing  the  blocks  of  wood  for  the  interior  of  the 
wheels  before  being  jointed  into  tabs.    This  machine 
was  arranged  with  a  horizontal  rotating  table,  fitted 
with  dogs  for  holding  six  blocks  of  wood.    On  each 
side  of  this  table  is  a  standard  carrying  a  slide  with 
headstock  and  vertical  spindle ;  the  lower  end  of  this 
spindle  is  fitted  with  a  rotating  arm  and  cutters,  similar 
to  a  Bramah  planing  machine.    The  table  is  made  to 
rotate  slowly,  and  each  block  of  wood  is  brought  in 
succession  under  one  of  the  cutter  arms,  which  sur- 
faces it  on  the  upper  side ;  the  block  is  then  reversed 
and  again  passed  under  the  cutters  ;  it  is  thus  planed 
to  an  accurate  thickness.    The  cutter  heads  are  made 
adjustable  to  varying  thicknesses  of  wood.    In  another 
machine  the  operations  of  sawing,  tenoning,  and  adzing 
the  blocks  are  combined.    The  blocks  or  tabs  are  sawn 
to  the  outside  diameter  by  means  of  a  band  saw.  Ten 
tabs  are  held  in  a  horizontal  rotating  table,  which, 
as  it  rotates,  brings  the  outer  edge  of  the  tab  in  contact 
with  the  saw.     The  saw  is  arranged  with  vertical. 
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lateral,  and  canting  adjustments  to  cut  the  tab  to  the 
required  diameter  and  bevel.  In  the  interior  of  the 
before-mentioned  table  a  jigger  or  reciprocating  fret- 
saw works  and  cuts  the  inner  edge  of  the  tab  to  the 
required  diameter  of  the  nave  boss  of  the  wheel.  The 
table  continuing  to  rotate  slowly,  the  periphery  of  each 
tab,  after  being  sawn,  is  brought  under  the  operation  of 
a  pair  of  cutters  mounted  on  two  adjustable  s^^indles 
working  horizontally,  which  rebate  the  tab  on  either 
side.  Following  this,  the  periphery  of  the  tab  is  operated 
on  by  planing  cutters  mounted  on  a  vertical  spindle 
which  smoothes  the  sawn  surface,  and  another  cutter 
mounted  on  a  vertical  spindle  chamfers  off  the  interior 
edge  of  the  tab  to  fit  the  corner  piece  left  between  the 
flange  and  the  boss  of  the  nave.  As  each  tab  is  finished 
it  is  replaced  by  another. 

In  Messrs.  Eobinson's  machines  for  making  '  Man- 
sel's  patent  wheels  '  the  blocks  of  wood  are  edged  and 
divided  on  a  circular  saw  bench  with  two  adjustable 
fences,  which  can  be  placed  at  any  desired  angle  to  each 
other ;  these  are  arranged  on  a  dovetail  slide,  which  is 
carried  through  the  saw  by  a  screw  and  bevel  gear  with 
quick  return  motion,  and  is  so  arranged  that  it  is  auto- 
matically thrown  out  of  gear  as  each  block  has  passed 
the  saw.  Another  machine  of  this  series  is  arranged  to 
bore  out  the  centre  of  the  wheel  to  receive  the  boss. 
The  main  boring  spindle  is  fitted  with  a  screw,  which, 
in  addition  to  bringing  the  spindle  down  to  its  work,  is 
used  for  forcing  the  boss  of  the  wheel  into  the  centre. 
The  circular  table  is  made  to  revolve  horizontally,  and 
fitted  with  a  catch  which  divides  accurately  each  revo- 
lution of  the  table  into  as  many  parts  as  there  are  holes 
required  for  bolts  to  secure  the  boss  of  the  wheel  in 


252 


WOOD-WORKING  MACHINERY. 


its  place.   These  holes  are  bored  by  a  supplementary 
spindle. 

A  number  of  machines  for  cutting  match  splints 
have  been  made,  including  one  patented  by  John  Long, 
of  Glasgow,  in  1865.    The  improvements  herein  con- 
tained relate  to  an  arrangement  and  combination  of 
certain  parts  of  mechanism,  and  have  for  their  essential 
object  the  cutting  or  dividing  of  timber  with  rapidity 
into  small  pieces,  such  as  those  used  in  the  manufacture 
of  lucifer  matches,  pencils,  or  other  generally  similar 
purposes.  The  apparatus  consists  of  a  strong  iron  frame, 
in  the  lower  portion  of  which  the  main  shaft  revolves  by 
means  of  a  belt  actuating  a  pulley  fixed  thereon.  At 
one  end  of  the  shaft  a  fly  wheel  is  fixed,  at  the  other 
end  a  crank  or  cam  is  attached,  and  a  connecting  rod 
extended  from  this  to  the  movable  block  or  frame 
carrying  the  knife  or  knives  by  which  the  vertical  cut 
in  the  wood  to  be  divided  is  made.    As  the  cam  or 
crank  revolves,  its  eccentric   or   circular  motion  is 
converted  by  means  of  the  connecting  rod  into  a 
vertical  reciprocating  motion  of  the  knife  or  knives.  On 
the  top  of  the  framework  Y  or  other  shaped  slides  are 
fixed,  and  on  these  travel  the  saddle  or  table  carrying 
the  pieces  or  blocks  of  timber  to  be  divided.  The  table 
is  furnished  with  two  gutters  above,  into  which  the 
blocks  of  timber  previously  cut  to  the  required  shape 
are  placed.    The  table  is  caused  to  travel  horizontally 
on  the  slides,  and  thus  the  faces  of  the  two  blocks  being 
cut  are  alternately  brought  in  front  of  the  knife  or 
knives.   The  horizontal  movement  is  imparted  to  the 
table  by  means  of  a  cam  fixed  into  the  main  shaft. 
The  cam  is  grooved,  and  into  this  groove  enters  an 
antifrictional  roller  on  a  stud  projecting  from  the  side 
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of  a  strong  lever.  Therefore  as  the  cam  revolves  the 
lever  is  caused  to  vibrate ;  and  its  upper  end  being 
coupled  to  the  saddle  or  table,  the  two  blocks  of  wood 
impart  the  necessary  horizontal  motion  to  it.  Attached 
to  that  portion  of  the  framework  in  which  the  vertically 
acting  knife  or  knives  are  located  is  a  projecting  set  or 
sets  of  knives,  which  cut  into  the  blocks  of  wood  as 
they  alternately  travel  before  them.  By  these  means 
the  wood  is  first  divided  into  a  number  of  horizontal 
strips,  needing  only  the  downward  motion  of  the  knife 
to  separate  them  in  the  form  of  rectangular  bars  from 
the  block  or  blocks  of  timber.  The  splints  are  thus  at 
once  produced  in  a  state  fit  to  be  used  for  any  purpose 
before  described.  As  soon  as  one  downward  cut  has 
been  made,  the  table  travels  back  to  its  former  position, 
and  the  other  block  is  similarly  treated.  It  should  be 
mentioned  that  the  table  is  fitted  with  two  sets  of 
forwarding  gear,  by  means  of  which,  as  soon  as  one  set 
of  splints  have  been  cut  off  the  block  of  wood,  it  is  forced 
on  a  distance  sufficient  to  allow  an  equivalent  portion 
to  be  divided  or  cut  off  for  the  next  set  of  splints. 

Our  illustrations  (figs.  40  and  41)  represent  a  ma- 
chine designed  by  Messrs.  Eichards  and  Atkinson,  of 
Manchester,  for  sawing  to  exact  finished  dimensions. 
For  this  purpose  especial  care  has  been  taken  to  ensure 
the  utmost  accuracy  in  the  working  details.  As  will  be 
seen  from  the  drawing,  two  saws  are  mounted  in  a 
swinging  frame,  either  of  which  can  readily  be  brought 
into  use  by  the  worm  gearing  for  ripping,  cross-cutting, 
or  grooving,  as  may  be  desired.  The  driving  band  is 
so  arranged  that  it  retains  its  proper  driving  tension  at 
any  position  of  the  saws.  For  cutting  out  printer's 
reglets,  accurate  pattern,  or  other  similar  work  this 
machine  should  be  of  considerable  service. 
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Our  space  precludes  our  noticing  tlie  various  im- 
provements introduced  into  ordinary  lathes  for  turning 
wood,  but  we  herewith  illustrate  one  (fig.  42)  designed 
for  copying  special  and  fixed  work  by  F.  Arbey,  of 
Paris.  It  is  constructed  for  cutting  twisted  or  straight 
flutings,  and  other  ornamental  work  usually  found  in 
various  kinds  of  furniture,  such  as  the  beads  and  flutes 
in  table  legs  and  columns.  Although  the  patterns  it  is 
capable  of  copying  appear  somewhat  complex,  the 
action  of  the  machine  is  positive  ;  but  it  can  be  altered 
and  varied  very  considerably.  The  speed  of  the  cutters 
is  adjustable  to  suit  difierent  kinds  of  work,  and  the 
designs  are  readily  altered.  Altogether  it  must  be 
held  to  be  a  very  fair  example  of  its  class. 
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CHAPTER  XXIX. 

MOTIVE  POWEE  FOR  DEIVING  WOOD-WORKING  MACHINERY. 

The  eai'liest  motive  power  used  for  driving  wood- work- 
ing machinery  was  that  produced  by  the  water-wheel 
and  wind-milh  The  la,tter  has  entirely  fallen  into  disuse ; 
but  a  great  number  of  water-wheels  are  still  in  opera- 
tion, and,  where  sufficient  water  can  be  obtained,  it  is 
undoubtedly  the  most  economical  power  available. 
Turbines  and  other  forms  of  water  engines  have  of  late 
years  been  introduced,  with  more  or  less  success ;  but, 
as  a  sufficient  fall  or  head  of  water  is  seldom  to  be  had, 
steam  must  of  necessity  be  the  power  most  generally 
employed.  The  different  types  of  engines  are  '  as  thick 
as  leaves  in  Yallambrosa ; '  and  when  a  user  is  con- 
fronted with  six-cylinder,  three-cylinder,  rotary,  oscil- 
lating, &c.  &c.,  all  warranted  to  effect  wonderful  results, 
no  wonder  he  finds  '  confusion  worse  confounded.' 
From  a  somewhat  extended  experience  the  writer  is 
of  opinion  that  for  driving  wood-working  machinery, 
except  under  certain  special  conditions,  the  most  eco- 
nomical and  convenient  form  of  engine  is  the  horizontal 
high-pressure,  fitted  with  a  condenser,  as  by  this  means 
a  vacuum  is  formed  behind  the  piston,  relieving  it  of 
back  pressure  and  giving  an  increase  of  power  and  a 
consequent  saving  in  fuel.    We  will  not  here  dwell  on 
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the  extremely  short-sighted  policy  of  employing  an 
engine  of  a  low  class.  This  has  heen  urged  over  and 
over  again ;  but,  tempted  by  a  low  first  cost,  numbers 
of  people  may  still  be  found  to  purchase  these  miser- 
able productions,  which  have  already  considerably 
damaged  the  high  character  for  design,  materials,  and 
workmanship  once  held  by  English-made  engines  in  all 
parts  of  the  world.  So  much  having  been  done  in  that 
direction,  it  would  be  out  of  our  province  to  write  at 
length  on  the  economy  of  the  steam  engine;  but  we 
take  it  that  an  engine  for  this  class  of  work,  to  be 
really  economical,  should  combine  in  its  construction 
the  following  points: — (1)  a  stroke  of  at  least  twice  the 
diameter  of  the  cylinder ;  (2)  an  efficient  condenser ; 
(3)  an  automatic  expansion  slide,  controlled  by  sensi- 
tive governor  gear;  (4)  a  steam-jacketed  and  lagged 
cylinder ;  (5)  short  steam-ways ;  (6)  all  bearing  surfaces 
well  fitted  and  lubricated,  and  an  efficient  method  of 
packing;  (7)  large  cylinder  area  for  nominal  horse- 
power; (8)  fly  wheel  of  large  diameter  and  extra- 
heavy  section.  In  addition  to  these  points,  as  the  duty 
of  an  engine  for  saw-mill  purposes  is  often  very  severe, 
great  care  should  be  taken  that  the  materials  and 
workmanship  employed  are  of  the  first  class.  The 
crank  shaft,  connecting  rods,  &c.,  should  be  made  of 
the  best  fagoted  scrap-iron;  the  piston  rod,  keys, 
pins,  &c.,  of  steel ;  the  bolts,  joints,  &c.,  subject  to  any 
special  wear  should  be  case-hardened.  All  glands 
should  be  bushed  with  gun  metal,  and  the  guide  blocks 
and  crank-shaft  bearings  made  adjustable  for  wear. 

If  power  has  to  be  transmitted  a  considerable  dis- 
tance by  means  of  shafting,  a  large  amount  of  force  is 
lost  through  the  friction  necessarily  engendered;  and 
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it  has  become  more  or  less  the  fashion  to  substitute 
seyeral  smaller  engines  and  boilers  in  lieu  of  one  large 
one.  This  plan  has  the  additional  advantage  that, 
should  an  accident  occur,  the  whole  establishment  is 
not  necessarily  laid  idle.  If  small  high-speed  engines 
are  employed,  the  momentum  of  the  reciprocating  parts 
should  be  balanced.  This  can  be  done  by  so  counter- 
weighting  the  crank  that  the  piston,  when  working, 
moves  in  an  opposite  direction  to  the  counterweights. 
The  shaft  is  thus  relieved  from  excessive  shock. 

In  these  engines,  which  should  work  expansively, 
the  bearing  surfaces  must  be  of  longer  area  than  in 
slower  running  engines,  and  the  workmanship  must  be 
of  the  first  order,  or  they  will  be  found  to  deteriorate 
rapidly. 

In  small  establishments,  where  much  power  is  not 
required  or  where  space  is  of  great  value,  vertical  com- 
bined engines  and  boilers  are  often  employed.  The 
foregoing  remarks  apply  with  equal  force  to  these  as 
well  as  any  other  form  of  engine  that  may  be  used. 
In  vertical  combined  engines  and  boilers  all  working 
parts  of  the  engine  should  be  made  totally  independent 
of  the  boiler,  as  the  constant  action  of  the  engine  pro- 
duces an  injurious  strain  on  the  boiler,  and,  from  the 
expansion  and  contraction  of  the  boiler,  the  proper 
working  of  the  valves  of  the  engine  is  also  interfered 
with.  As  regards  the  construction  of  the  boiler,  we 
recommend  the  dome  description  with  cross  tubes  in 
preference  to  the  multitubular  form,  as  being  easier  kept 
in  repair  and  free  from  deposit.  The  cross  tubes  should 
be  made  of  Lowmoor  or  equal  brand  of  iron,  and  so 
arranged  that  the  flame  should  be  distributed  and  as 
much  heat  as  possible  extracted  from  it  before  being 
allowed  to  pass  into  the  chimney. 
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The  types  of  steam  boilers  at  present  in  use  are 
almost  endless.  Although  the  locomotive  and  other 
forms  doubtless  possess  advantages  under  certain  con- 
ditions for  saw-mill  purposes,  all  things  considered, 
the  Gallovsray  type  of  boiler,  or  the  Cornish  boiler  with 
cross  tubes,  is  to  be  recommended  for  safety,  durability, 
and  economy ;  and  they  have  also  the  additional  advan- 
tage of  being  readily  cleaned  and  repaired,  and  are 
easily  managed,  which  is  important,  as  in  saw  mills, 
especially  in  remote  districts,  skilled  labour  is  not 
always  obtainable. 

In  recent  types  of  Galloway  boilers  several  improve- 
ments of  some  moment  in  their  shape  and  mode  of 
manufacture  have  been  introduced.  The  edges  of  the 
plates  are  planed,  by  which  means  any  flaws  in  the  iron 
are  easily  detected.  The  diagonal  edges  of  the  plates 
are  afterwards  '  fullered '  with  a  flat  fullering  tool 
which  brings  the  plates  close  and  tight  together.  The 
plates  are  riveted  by  a  dead  pressure,  and  not  a  sudden 
blow,  the  pressure  being  adjusted  according  to  the 
gauge  of  rivets  and  plates.  If  a  Cornish  boiler  is  em- 
ployed, it  should  undoubtedly  be  fitted  with  coned  cross- 
tubes,  the  circulation  of  the  water  being  much  im- 
proved and  the  strain  on  the  joints  from  unequal  ex- 
pansion considerably  lessened. 

An  advantage  in  the  Galloway  type  of  boiler  over 
the  Cornish  is  that,  without  complicating  the  form  of 
the  boiler  for  cleaning  or  repairs,  the  heating  surface  is 
much  greater,  the  tubes  being  in  the  direct  passage  of 
the  heat  which  strikes  against  them.  The  cone  tubes 
are  usually  constructed  of  plates  of  a  thinner  gauge 
than  the  rest  of  the  boiler,  thus  enabling  the  heat 
to  pass  more   readily  into  the  water.     The  boiler 
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plates  should  be  carefully  selected,  and  the  edges  of 
the  plates  planed  ;  the  rivet  holes  should  by  preference 
be  drilled  instead  of  punched,  as  the  strength  of  the 
boiler  is  thereby  considerably  increased.  Should  the 
rivet  holes  be  punched,  they  should  be  of  an  even 
pitch,  thus  equalising  the  strain  on  the  rivets.  The 
size  and  pitch  of  the  rivets  should  be  accurately  pro- 
portioned to  the  thickness  of  the  boiler  plates  used. 
The  resistance  of  the  boiler  shell  to  bursting  pressure, 
and  the  flues  to  collapse,  should  also  be  carefully 
studied. 

As  regards  the  prevention  of  incrustation,  great 
care  should  be  exercised  in  using  anti- incrustation 
remedies,  as  many  of  them  contain  either  acid,  which 
affects  injuriously  the  boiler  plates,  or  some  greasy 
or  glutinous  matter,  which  gives  them  a  tendency  to 
burn.  Grease  especially  should  never  be  introduced 
into  a  boiler.  We  have  found  that  by  blowing  out 
once  a  fortnight,  and  using  a  solution  of  common  soda, 
we  have  had  little  difficulty  in  keeping  a  double-flued 
Cornish  boiler  clean,  although  the  water  used  was  an 
indifferent  sample.  In  waters  containing  much  sul- 
phate of  lime  or  other  deleterous  substances  a  simple 
form  of  feed-heater  should  be  employed,  as  by  its  use 
the  water  is  considerably  purified  before  entering  the 
boiler,  and  any  deposit  or  incrustation  can  more  easily 
be  removed.  Many  remedies  for  incrustation  have  been 
introduced,  including  pieces  of  oak  suspended  in  the 
boiler,  oak  or  mahogany  sawdust,  branches  or  sprays 
of  the  trees,  spent  tanner's  bark,  chloride  of  tin,  mu- 
riate of  ammonia,  &c. ;  but  it  may  safely  be  concluded 
that  although  a  remedy  may  answer  in  one  sample  of 
water,  it  by  no  means  follows  that  it  may  be  equally 
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successful  in  another,  as  mucli  undoubtedly  depends  on 
the  nature  of  the  calcareous  salts  contained  in  the 
water  employed.    Hydrate  of  soda  has  been  used  with 
considerable  success  in  waters  containing-  silicates  and 
some  kinds  of  salts,  and  boracic  acid  is  also  used  in  the 
prevention  of  deposits.    Of  late  years  so  great  has  been 
the  desire  to  produce  something  new  in  the  means  em- 
ployed for  generating  steam,  that  what  Eairbairn  calls 
the  very  essence  of  constructive  science  is  often  neg- 
lected, and  the  distribution  of  the  material  and  form 
best  calculated  to  ensure  the  maximum  strength  with 
the  minimum  amount  of  complication  is  almost  entirely 
lost  sight  of.    Boilers  used  for  driving  wood- working 
machinery  should  be  constructed  with  one-third  larger 
fire-grate  surface  than  is  usual  for  burning  sawdust 
and  waste  wood  as  well  as  coal.    The  combustion  of 
wood  and  coal  together  produces  a  heat  of  considerable 
intensity.    Care  should  therefore  be  taken  that  the 
flame  of  the  fire  should  be  equalised  and  distributed  as 
much  as  possible,  that  the  flues  should  be  of  simple 
construction  and  easily  accessible.    In  some  districts 
also  the  water  available  is  heavily  charged  with  car- 
bonate of  lime  or  other  substances  which  very  readily 
cause  incrustation,  and,  unless  great  care  is  exercised, 
the  multitubular  or  other  complicated  form  of  boiler  is 
rapidly  destroyed.    The  boiler  employed  should  in  all 
cases  be  of  ample  power  for  the  work  to  be  performed. 
An  apparatus  for  heating  the  feed  water  by  the  exhaust 
steam  should  also  be  fitted  to  the  boiler,  as  by  this 
small  additional  outlay  a  saving  in  fuel  of  at  least  10 
per  cent,  is  effected. 

Much  has  been  written  on  the  corrosion  of  steam 
boilers  and  the  best  means  to  employ  for  the  prevention 
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of  the  same.  External  corrosion  or  oxidation  is  due 
to  atmospheric  influences  or  damp  foundation  of  the 
boiler,  and  is  usually  easily  prevented  by  covering  the 
boiler  with  felt  or  a  suitable  material  which  prevents 
also  radiation  of  the  heat.  If  the  boiler  is  fixed  in  a 
very  wet  situation,  in  addition  to  the  felt  it  is  some- 
times found  necessary  to  case  the  boilers  with  sheet 
lead.  Some  classes  of  paint  also  prevent  oxidation  in 
a  very  considerable  degree.  As  regards  internal  corro- 
sion, very  great  difficulty  is  often  experienced,  especially 
with  certain  samples  of  water,  and  where  tubular  or 
any  complicated  form  of  boilers  are  employed  in  keeping 
the  same  in  a  satisfactory  working  condition.  This  is 
most  generally  felt  in  marine  boilers,  sea  water  being 
a  very  active  corrosive  agent.  It  is  generally  held  that, 
owing  to  the  varying  densities  of  the  metal  of  the  rivets 
and  the  boiler  plates,  a  mild  galvanic  action  is  produced, 
and  corrosion  usually  commences  round  the  rivet  holes. 
Corrosion  thus  especially  attacking  the  rivet  joints  is 
attributed  by  Mr.  William  Kirtley '  to  a  mechanical 
action  combined  with  a  chemical  action,  and,  from  his 
experience,  in  locomotive  boilers  constructed  with  lap 
joints  it  attacked  the  smoke-box  end  of  the  boiler,  but 
sometimes  extended  slightly  in  an  irregular  manner 
over  the  whole  boiler  surface. 

The  mechanical  action  referred  to  is  attributed  by 
Mr.  Kirtley  to  the  continued  expansion  and  contraction 
of  the  boiler  springing  and  bending  the  plates  at  the 
joint  lines,  thus  breaking  off  the  scale  deposited  by  the 
water— Avhich  is  found  to  be  in  a  certain  degree  a  pro- 
tection against  corrosion — and  leaving  the  boiler  plates 
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exposed  to  the  continual  corroding  action  of  the  water. 
Owing  to  the  high  pressure  at  which  locomotive  boilers 
work  as  compared  with  stationary  boilers,  this  spring- 
ing action  would  without  doubt  be  more  severely  felt  in 
boilers  of  that  type ;  consequently  the  tendency  to  cor- 
rosion from  this  cause  would  be  greater.  It  is  also 
found  that  this  detrimental  action  is  increased  when 
frame  stays  or  brackets  offering  a  special  resistance  to 
the  expansion  of  the  boiler  are  used.  To  obviate  as 
far  as  possible  the  excessive  corrosion  at  the  rivet 
joints,  a  plan  often  pursued  is  to  roll  the  iron  plates 
with  gradually  thickened  edges,  which  distributes  the 
springing  action  over  a  considerable  area.  Welded 
joints  seem  also  to  exercise  a  tendency  to  prevent  cor- 
rosion by  removing  the  especial  strains  found  in  using 
lap-welded  joints. 

Should  more  than  25  horse-power  be  required,  it  is 
preferable  to  use  a  pair  of  boilers  instead  of  one. 

All  Cornish  boilers  above  12  horse-power  should  be 
constructed  with  double  flues,  and  fitted  with  Cross  or 
Galloway  tubes,  and  should  in  addition  be  thoroughly 
stayed.  It  is  a  trite  but  not  unnecessary  remark  in 
these  days  of  unfair  trading  and  excessive  competition 
that  when  human  life  is  at  stake  only  a  first-rate 
quality  of  iron  should  be  used  in  the  construction  of 
steam  boilers,  and  where  the  action  of  the  fire  comes 
in  direct  contact  with  the  plates,  iron  of  the  very 
highest  possible  quality  only  should  be  used.  Tor  forest 
use,  or  where  machinery  has  to  be  moved  from  place  to 
place,  the  ordinary  portable  engine  and  boiler  on  wheels 
is  to  be  preferred.  The  different  forms  of  three-cylinder 
engines,  such  as  the  Brotherhood,  Willans',  &c.,  al- 
though using  a  considerable  amount  of  steam,  are 
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sometiiDGs  found  useful  in  driving  single  machines. 
Where  the  rate  of  speed  is  not  too  high  they  are  often 
fixed  directlj  on  to  the  main  spindle.  In  the  recent 
(1878)  International  Exhibition  in  Paris  we  saw  at- 
tached directly  to  the  bottom  saw-wheel  spindle  of  a 
band  sawing  machine,  exhibited  by  Mons.  J.  Fau,  of 
Bordeaux,  a  new  form  of  rotative  engine,  patented  by 
P.  Martin.  It  was  capable  of  running  at  a  very  high 
rate  of  speed,  but  as  to  its  advantages  or  the  reverse 
we  are  not  in  a  position  to  speak. 

Great  care  should  be  exercised  in  setting  the  boiler, 
and  the  draught  should  in  all  cases  be  regulated  by 
an  automatic  steam-damper,  which,  as  it  requires  no 
attention  and  is  regular  in  its  action,  effects  a  con- 
siderable saving  over  the  old  form  of  slide  damper,  the 
working  of  which  is  oftentimes  neglected  by  the  fire- 
man. It  may  not  here  be  out  of  place  to  remark  on 
the  false  economy  of  employing  so-called  *  cheap ' 
labour  in  the  management  of  engines  and  boilers,  as 
it  has  been  proved  beyond  doubt  that  an  intelligent 
trained  man,  who  has  some  knowledge  of  the  properties 
of  steam,  who  knows  the  economy  of  keeping  a  bright 
even  fire  and  his  boiler,  safety  valves,  gauges,  &c.,  clean 
and  in  good  condition,  will,  in  the  course  of  twelve 
months,  get  extra  duty  out  of  his  engine,  and  eflfect  a 
saving  in  fuel  and  repairs  very  much  in  excess  of  the 
extra  wages  paid  him.  The  explosions  which  almost 
daily  occur,  occasioning  great  loss  of  life  and  destruc- 
tion of  property,  are  generally  attributed  to  either 
the  culpable  ignorance  of  the  attendant  or  to  the 
use  of  worn-out  or  badly  constructed  boilers.  The 
subject  of  granting  certificates  to  engine-drivers  and 
placing  steam  boilers  under  Government  inspection  has 
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of  late  years  been  moved  in  the  House  of  Commons  on 
several  occasions,  and  although,  doubtless,  a  moderate 
Act  would  be  for  the  general  public  good,  the  question 
seems  to  have  been,  at  any  rate  for  the  present,  quietly 
shelved. 

The  boiler  and  all  steam  pipes  should  be  covered 
with  felt  or  other  non-conducting  composition,  to  pre- 
vent radiation  of  heat  or  freezing.  The  composition 
known  as  Leroy's  gives  for  this  purpose  satisfactory 
results,  but  we  hear  highly  spoken  of  a  later  introduc- 
tion, known  as  Toope's  patent.  This  covering  is  com- 
posed of  hair,  felting,  and  paper,  which  is  protected 
from  charring  by  an  interior  lining  of  asbestos.  It  is 
said  to  be  an  admirable  non-conductor,  has  absolute 
freedom  from  cracking,  is  light  and  easily  fixed  or 
removed,  and  is  indestructible  at  any  temperature  at 
which  steam  is  used.  If  it  is  found  to  fulfil  all  these 
conditions,  it  will,  without  doubt,  be  of  great  value  to 
steam-users,  as  it  overcomes  several  objections  to  most 
of  the  boiler  coverings  now  in  use,  not  the  least  of 
which  is  that  it  is  entirely  free  from  the  crumbling 
action  now  so  often  found. 

Before  concludsing  our  remarks  under  this  heading 
we  should  wish  to  draw  our  readers'  attention  to  the 
great  practical  value  of  the  mineral  asbestos  for  packing 
steam  piston  and  pump  rods,  stuffing  boxes,  &c.,  and 
when  combined  with  felt  it  is  an  excellent  covering  for 
steam  boilers.  Although  its  existence  has  been  known 
for  many  centuries,  it  is  only  during  the  last  few  years 
that  its  valuable  properties  have  been  utilised.  Asbestos 
of  the  best  quality  is  found  in  considerable  quantities 
in  the  Italian  Alps ;  it  is  fibrous  in  texture,  and  is 
capable  of  being  woven  or  combined  with  other  mate- 
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rial.  It  also  possesses  the  peculiar  property  of  being 
unaffected  by  the  action  of  fire,  acids,  friction,  or 
moisture.  It  can  also  be  used  in  the  form  of  paste  or 
millboard  for  steam  and  other  joints.  It  is  also  very 
well  adapted  for  packing  steam  fittings,  such  as  cocka 
and  water  gauges,  and  we  can,  from  our  experience, 
speak  in  favour  of  its  valuable  qualities.  Compressed 
wood  pulp  made  up  in  the  form  of  annular  rings  for 
glands,  and  sheets  and  washers  for  steam  joints,  has 
several  features  to  recommend  it,  notably  that  the 
joints  are  easily  broken  and  renewed,  that  the  pulp 
readily  retains  the  lubricating  matter  employed,  and  is 
anti-corrosive  and  will  stand  superheated  steam.  For 
glands  the  packing  is  usually  made  in  segments  of 
the  exact  size  of  the  stuffing  box. 
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CHAPTER  XXX. 

ARRANGEMENT  OF  SAW  MILLS  AND  ECONOMICAL 
CONVERSION  OP  TIMBER. 

A  SAW  MILL  being  for  the  purpose  of  converting  crude 
material  into  articles  of  commerce  and  general  utility, 
the  great  point  to  be  aimed  at  is  how  to  accomplish 
this  with  the  greatest  economy  and  despatch  combined 
with  quality  of  production.  Saw  mills  being  often 
situated  in  crowded  cities,  where  space  is  of  great 
value,  and  where  any  kind  of  building  has  to  do  duty, 
a  set  plan  for  laying  out  or  designing  a  mill  can  hardly 
be  laid  down,  but  must  vary  according  to  circumstances. 
The  following  hints,  however,  may  not  be  out  of 
place : — 

Where  space  is  obtainable,  buildings  should  be  ar- 
ranged with  large  sliding  doors  at  either  end  of  the 
mill,  so  that  timber  may  be  passed  in  at  one  end  in  the 
rough,  and,  after  being  worked  through  the  various 
machines,  passed  out  at  the  other  as  manufactured 
goods.  A  tramway  should  run  down  the  centre  of  the 
mill,  and  where  much  heavy  timber  is  worked  an  over- 
head traveller  is  necessary.  In  arranging  a  mill 
advantage  should  always  be  taken  of  the  site  with 
reference  to  land  or  water  carriage  of  the  timber.  If 
near  a  canal  or  river,  the  mill  should  be  so  arranged 
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tliat  as  the  timber  left  tlie  water  it  should  pass  directly 
to  the  heavy  machines,  such  as  timber  frames  or  rack 
benches  for  breaking  down ;  its  further  manipulation  is 
thus  at  once  made  easier.  As  regards  the  best  shape 
for  a  mill,  where  all  ordinary  classes  of  work,  such  as 
sawing,  planing,  moulding,  &c.,  are  performed  we  have 
found  a  rectangular  building  of  a  length  of  about  two 
and  a  half  times  its  wddth  the  most  suitable  shape. 

If  an  engine  and  boiler  is  used  to  give  the  motive 
power,  it  should,  if  possible,  be  placed  outside  the  main 
building.  If  placed  inside  the  builing,  it  should  be 
divided  off  from  the  rest  of  the  machines.  The  whole 
of  the  main  shafting  should  be  arranged  underground 
and  run  transversely  across  the  building ;  it  should  be 
easily  get-at-able  for  lubrication,  removal  of  belts,  &c. 
Underground  chambers  should  also  be  provided  for  the 
reception  of  sawdust  and  shavings. 

If  the  building  is  more  than  100  feet  long,  three 
lines  of  shafting  should  be  used,  the  last  two  shafts  of 
which  can  be  arranged  to  run  at  higher  speeds  if  re- 
quired. We  have  found  a  speed  of  about  250  revolu- 
tions per  minute  the  most  suitable  for  all  ordinary 
wood-working  operations.  The  various  machines 
should  never  be  crowded  together,  and  if  upper  floors 
are  used  light  machines  with,  if  possible,  a  rotary 
motion  should  be  fixed  on  them,  as  the  constant  vi- 
bration from  some  machines  with  a  reciprocating 
motion  has  a  tendency  to  damage  and  displace  the 
joists  and  brick-work  unless  of  very  strong  section. 
The  shafting  for  an  upper  floor  should  be  fixed  at  the 
roof  of  the  ground  floor.  Adequate  means  for  hoisting 
timber  to  this  floor  must  be  taken.  A  first-rate  and 
rapid  plan  for  carrying  up  deals  is  to  arrange  an  endless 
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belt,  somo  9  inches  wide  and  fitted  with  stop  pieces, 
to  run  at  an  angle  of  about  45  degrees  from  the  base- 
ment through,  a  trap  door  to  the  floor  above ;  by  this 
means  deals,  &c.,  can  be  carried  up  as  fast  as  they  can 
be  placed  on  the  belt. 

With  the  object  of  facilitating  the  conveyance  of 
timber  from  on  board  ships,  barges,  or  railway  trucks 
directly  to  the  various  machines  to  be  converted,  or  to 
the  yard  to  be  stacked,  without  the  aid  of  manual 
labour,  Mr.  Samuel  Boulton,  of  London,  in  the  year 
1868  took  out  letters  patent.  For  this  purpose  the 
inventor  proposed  to  construct  in  the  timber  yard  and 
saw  mill  channels,  conduits,  shoots,  troughs,  or  pipes 
containing  water,  either  open  or  closed,  and  either 
sunk  in  the  ground,  laid  upon  or  raised  above  it ; 
these  channels  to  lead  from  the  water-side  or  other 
locality ;  the  timber  to  be  conveyed  into  such  water 
channels  from  the  vessel  by  means  of  endless  chains 
or  bands  provided  with  dogs. 

When  the  timber  reaches  the  water  channels,  it 
can  either  be  pushed  along  or  conveyed  by  an  esta- 
blished water  current.  Mr.  Boulton  decribes  an 
elaborate  arrangement  of  water  channels,  &c.,  designed 
to  carry  timber  to  any  part  of  an  establishment ;  but 
when  we  consider  the  numerous  drawbacks  to  the 
scheme — the  discoloration,  increased  risk  of  cracking 
in  the  drying,  the  extra  power  required  in  sawing  wet 
timber,  &c. — we  are  afraid  it  cannot  be  held  to  be  of 
much  practical  value,  at  any  rate  in  this  country. 

All  saw-mill  floors,  whether  ground  or  otherwise, 
should  be  made  of  ample  strength  to  withstand  ma- 
chine vibration  or  any  load  that  m2^j  be  placed  on 
them.    The  ground  floor  should  be  built  on  piers,  and 
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we  liave  found  joist  floors  the  best  form  of  flooring  to 
use,  as  from  their  construction  they  resist  successfully 
any  excessive  vibration.  Where  a  single  first  floor  is 
used  and  the  bearing  exceeds  10  feet,  herring-bone 
strutting  should  be  used. 

As  regards  the  most  economical  coal  for  the  produc- 
tion of  steam  much  has  been  written.  Of  course  the 
heat  evolved  from  the  combustion  of  different  samples 
of  coal  differs  very  considerably,  the  carbon  varying 
from  75°  to  96°.  We  prefer,  on  the  whole,  some 
samples  of  South  Wales  steam  coal  we  have  used  to 
any  other. 

Sawdust  and  wood  refase,  if  mixed  with  a  little  tar 
or  bituminous  coal,  makes  a  very  fierce  fire,  but  should  be 
used  with  care,  or  burnt  boiler-plates  will  be  the  result. 

Owing  to  the  daily  increasing  competition  in  the 
conversion  of  wood  from  Norway,  Sweden,  and  even 
America,  who  export  largely  to  this  country  manufac- 
tured joinery  of  all  kinds,  English  makers  have  at 
present,  and  will  in  the  future  have  greater,  difficulty 
in  successfully  holding  their  own.  The  success  of  this 
competition  in  the  case  of  Norway  and  Sweden  must 
be  attributed  to  the  abundance  of  the  crude  material 
and  the  cheapness  of  labour.  This  is  otherwise  as 
regards  America,  as,  although  timber  is  cheaper,  wages 
are  considerably  higher.  This  can  in  a  measure  be  ex- 
plained by  the  much  greater  facilities  offered  in  America 
to  inventors  to  protect  even  the  smallest  improvement 
in  the  constructional  details  of  labour-saving  machinery. 
In  this  country,  on  the  contrary,  owing  to  the  high 
cost  of  letters  patent,  a  workman  has  no  incentive  to 
improve  the  smaller  details  of  a  machine,  which  tend 
so  much  to  its  productive  efficiency,  and,  unless  an  idea 
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is  strikingly  original,  invention  does  not  pay.  In  fact, 
in  England  brains  often  have  to  seek  money  to  carry  out 
their  ideas,  whilst  in  America  money  seeks  the  brains. 
This,  however,  by  the  way. 

Supposing  the  mill  to  be  ready  for  receiving  the 
machinery,  and  the  particular  branch  of  wood  conver- 
sion or  manufacture  decided  on,  the  next  and  very 
important  step  is  to  obtain  that  machinery  which  is 
best  and  more  especially  suited  to  execute  with  rapidity 
and  economy  the  work  required.  The  selection  of  the 
requisite  machinery  is  a  matter  of  the  highest  im- 
portance, and,  unless  very  judiciously  undertaken,  an 
investor  may  find  himself  saddled  with  a  lot  of  costly 
and  elaborate  machinery  ill  adapted  to  his  wants. 

Care  should  be  taken  that  the  machinery  selected 
should  combine  high-class  workmanship  and  material, 
the  greatest  amount  of  productive  efficiency  with  the 
least  amount  of  complication.  The  so-called  '  cheap  ' 
machinery  must  be  held  to  be  dear  at  any  price,  the 
difference  in  first  cost  being  rapidly  counterbalanced  by 
constant  breakdowns  and  loss  of  time,  often  coupled 
with  inferior  work.  The  price  of  a  really  high-class, 
labour-saving  machine  should  always  be  a  secondary 
consideration. 

When  the  necessary  machinery  is  arranged,  the 
very  important  question  of  how  to  employ  it  economi- 
cally and  profitably  presents  itself.  As  regards  the 
labour  employed  in  directing  the  conversion  of  wood 
by  machinery,  the  highly  skilled  and  highly  paid 
workman  is  as  a  rule  the  cheapest,  the  first  difference 
in  cost  being  soon  counterbalanced  by  an  increased 
output  from  the  machine  and  of  better  average  quality. 
"Where  a  steady  and  uniform  business  of  a  certain  class 
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is  carried  on,  we  are  strongly  in  favour  of  piece  work. 
Much  lias  been  written  for  and  against  this  system, 
but  as  far  as  our  experience  extends  a  man  is  rarely  or 
never  found  who  will  perform  the  same  amount  of 
work  whilst  working  by  the  day  or  hour  as  he  will 
whilst  on  piece  work.  Piece  work,  which,  by  the  way, 
should  never  be  carried  to  excess,  also  encourages  dili- 
gence and  energy,  and  the  skilful  workman  thereby 
reaps  in  wages  his  just  value.  Of  course  in  some  high 
classes  of  work  it  is  very  difficult  to  introduce  piece 
work  with  advantage,  but  for  the  vast  majority  of 
wood  manufactures  it  is  undoubtedly  the  true  system. 

Of  course  in  piece  work  workmen  have  the  greatest 
interest  in  completing  work  with  all  possible  speed. 
Care  must  therefore  be  taken  that  it  is  not  allowed  to 
be  '  scamped,'  and  on  no  account  should  the  quality  of 
the  finish  and  detail  be  sacrificed  to  quantity  of  out- 
put. Piece  work  has  also  the  additional  advantage  of 
offering  a  premium  to  the  operator,  of  keeping  his 
machine  and  tools  in  constant  use  and  in  the  highest 
state  of  efficiency. 

Care  should  be  taken  that  all  machines  are  set  at  a 
dead  level  both  horizontally  and  transversely,  and  are 
free  from  excessive  vibration  when  in  work,  and  ade- 
quate means  taken  for  transporting  rapidly  and  with 
little  manual  labour  the  required  timber.  Where  many 
saws,  either  circular  or  straight,  are  in  use,  a  machine 
for  sharpening  should  invariably  be  employed. 

The  wood  prepared  on  a  saw  bench  for  mouldings 
should  always  be  cut  feather-edged  or  to  a  bevel,  and 
the  pieces  of  wood  sawn  off  worked  up  into  small 
mouldings.  It  is  astonishing  even  now  the  number  of 
mill-owners  who  allow  their  machines  to  cut  mouldings 
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from  a  square- sided  piece  of  wood,  a  large  percentage 
therefore  being  entirely  wasted.  These  bevelled  pieces 
are  easily  fed  through  a  moulding  machine  by  substitut- 
ing for  the  ordinary  parallel  feed-rollers  narrow  rollers, 
with  their  periphery  serrated  and  sharply  bevelled. 
Short  driving  belts  are  to  be  avoided  in  every  way,  as 
they  simply  mean  great  increase  of  friction,  and  conse- 
quent deterioration  to  belt  and  bearings,  with  increased 
difficulty  of  lubrication.  The  belting  used  should  be 
uniform  in  thickness,  and  kept  as  phable  as  possible, 
and  sufficiently  wide  to  prevent  over-straining.  After 
repeated  experiments  I  can  recommend  that  driving 
belts  should  be  run  with  their  outside  or  smooth  surface 
to  the  pulley,  which  is  directly  contrary  to  the  plan  now 
usually  pursued,  the  practice  being  to  run  the  rough 
or  flesh  side  of  the  belt  on  the  pulley.  I  have  found 
that  if  a  belt  is  evenly  made,  and  smooth  on  its  face,  it 
bears  equally  over  the  whole  face  of  the  pulley,  and  not 
at  certain  points,  as  in  the  rough  surface  of  the  flesh 
side  of  the  leather.  With  a  smooth  belt  the  air  is 
almost  entirely  excluded,  and  the  driving  power  con- 
siderably increased.  To  produce  a  smooth  and  perfect 
surface  on  the  wood  when  planing,  much  depends  on 
the  accuracy  with  which  the  knives  are  sharpened  and 
adjusted  on  the  cutter  block.  A  straight-edge  oi- 
square  should  be  used  to  try  them  at  all  points.  The 
usual  plan  of  trying  them  on  the  wood  is  not,  as  a  rule, 
sufficiently  accurate.  Bottom  cutter-blocks  are  easil}'- 
adjusted  by  laying  the  straight-edge  over  the  opening 
through  which  the  cutters  project,  and  making  each 
knife  touch  exactly  at  every  point  the  edge  of  the 
straight-edge.  Duplicate  sets  of  tools  should  be  kept 
on  hand  in  case  of  accidents.    Automatic  lubrication 
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siiould  be  employed  wherever  possible,  and  none  but 
tbe  best  lubricants  employed  for  high-speed  spindles. 
All  open  oil-ways  should  be  protected  from  dust ;  the 
bright  parts  of  machines  not  in  use  should  be  coated 
with  a  mixture  of  white  lead  and  tallow.  At  least  half 
an  hour  should  be  spent  at  the  end  of  each  week  in 
thoroughly  cleaning  the  whole  of  the  working  parts  of 
the  machines,  and  the  framework  should  occasionally  be 
painted.  This  not  only  preserves  the  iron,  adding  to 
the  appearance  of  the  mill,  but  encourages  the  work- 
man to  take  a  pride  in  the  condition  of  his  machine. 
These  points  are,  however,  often  neglected. 
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CHAPTEE  XXXI. 

MACHINES  FOE  ESTATE  PURPOSES. 

The  use  of  wood-working  machinery  is  gradually  ex- 
tending to  tliat  class  of  work  required  on  country 
estates — viz.  the  conversion  of  timber  grown  on  the 
estate  into  boards,  gates,  posts  and  rails,  fencing,  &c., 
and  other  articles  required  in  the  farm  buildings  and 
cottages.  Even  on  estates  of  moderate  size — say,  above 
one  thousand  acres — steam  can  doubtless  be  employed 
profitably  in  wood  conversion,  as,  should  an  engine  be 
used — as  in  these  days  of  high  farming  is  generally  the 
case — for  preparing  cattle  food,  it  can  be  devoted  at 
least  one  day  a  week  to  wood-cutting,  and  even  at  this 
rate  will  pay  a  fair  interest  on  the  very  moderate 
outlay  necessary.  Except  on  large  estates,  and  where 
skilled  men  are  constantly  employed,  machines  of  the 
plainest  and  simplest  kind  are  to  be  preferred,  as 
joinery  and  mouldings,  &c.,  can  usually  be  purchased 
cheaper  than  they  can  be  prepared,  at  any  rate  in 
small  quantities.  The  most  convenient  machine  to  use 
is  a  plain  circular-saw  bench,  or  one  fitted  with  self- 
acting  feed  where  heavy  timber  is  used.  The  frame  of 
this  bench  should  be  on  the  '  box '  principle,  and  especi- 
ally strong  to  withstand  rough  and  unskilful  usage.  The 
saw  spindle  should  be  arranged  to  rise  and  fall,  so  that 
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the  driving  pulleys  may  be  lowered  below  the  level  of 
the  table,  so  that  the  whole  width  of  the  bench  may  be 
utilised  for  cross-cutting  posts  and  rails,  fire  wood,  &c. 
A  sliding  plate,  working  in  a  dovetail  groove  on  the  top 
of  the  bench,  running  parallel  to  the  saw,  and  fitted 
with  a  cramp  for  securely  holding  the  wood,  should  be 
employed  where  much  accurate  cross-cutting  is  re- 
quired, such  as  wood  blocks  for  paving  purposes,  &c. 

The  saw  fence  or  guide  should  be  arranged  to  turn 
over  the  end  of  the  bench,  out  of  the  way,  when  not 
required  for  straight  sawing.  The  saw  spindle  should 
be  bored  at  one  end  to  receive  augers  for  boring  or  slot- 
mortising  purposes.  For  estate  purposes  the  addition 
of  a  mortising  table  is  of  great  value.  This  is  best 
added  by  arranging  the  frame  of  the  bench  on  one  side 
immediately  below  the  saw  spindle,  with  planed  strips 
to  receive  a  sliding  table  or  bracket,  which  can  be  raised 
or  lowered  vertically  by  a  rack  or  screw.  On  this  table 
is  fitted  a  slide,  arranged  with  lateral  and  transverse 
movements,  and  a  cramp  holds  the  wood  firmly  whilst 
under  the  action  of  the  mortising  tool.  The  mortises 
are  produced  by  a  revolving  routing  or  slot-mortise  tool, 
the  slide  carrying  the  wood  at  the  same  time  receiving 
a  traverse  motion  by  means  of  a  hand  lever.  The 
lengths  of  the  required  mortises  are  governed  by  ad- 
justable stop-pieces,  and  the  transverse  movement  of 
the  slide,  which  is  usually  worked  by  a  hand  wheel  and 
screw,  gives  the  required  depths. 

Should  a  further  range  of  work  be  required,  an  ar- 
rangement for  cutting  tenons,  striking  mouldings,  or 
planing  can  be  added.  Except  where  a  permanent  saw- 
mill is  established,  the  portable  engine  is  the  most 
useful  form  to  employ  for  estate  purposes. 
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CHAPTER  XXXIl. 

FEAMINGS  OF  WOOD-WORKING  MACHINES. 

When  considering  the  different  classes  of  machines, 
we  have  from  time  to  time  given  hints  as  to  their 
framing  and  general  construction ;  but  as  wood- work- 
ing, unlike  most  other  machinery,  is  subject  to  ex- 
cessive and  constant  strains,  it  may  not  be  out  of 
place  to  discuss  the  matter  a  little  more  fully.  In 
addition  to  the  ordinary  strains  of  tension,  pressure,  or 
shearing  stress,  tlie  framings  of  wood- working  machines 
are  subject  to  an  especially  severe  vibrating  strain, 
arising  from  the  high  speeds,  arduous  duty,  change 
in  velocity  or  direction  of  motion,  which  the  spindles 
or  working  parts  are  subject  to.  The  ordinary  rules 
for  calculating  the  elastic  or  breaking  strain  of  the 
materials  employed  when  designing  framing  must  be 
considerably  modified,  allowance  being  made  for  ex- 
cessive vibration,  and  in  some  classes  of  machines  for 
the  heavy  loa,d,  in  addition  to  the  ordinary  working 
details  the  framings  have  to  carry.  As  we  have  before 
mentioned,  for  some  years  the  framings  of  wood- work- 
ing machines  were  constructed  almost  entirely  of  wood, 
the  theory  being  that  wood,  being  elastic,  would,  more 
readily  than  iron,  absorb  the  excessive  vibration.  Prac- 
tical experience  has,  however,  sufficiently  disproved  this 
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idea,  that  we  will  not  further  discuss  it.  For  all  the 
heavier  classes  of  machines,  and  some  of  those  with  a 
recipro(3ating  motion,  which  in  their  working  have  a 
constant  jar  or  vibration,  sucli  as  steam  mortising 
machines,  we  prefer  the  cored  or  hollow-section  framing. 
This  form  of  framing  is  doubtless  higher  in  first  cost, 
and  somewhat  more  diflicult  to  manipulate,  but  this  is 
more  than  counterbalanced  by  its  increased  strength 
and  resistance  to  stress,  economy  of  material  in  ratio 
to  strength,  and  increased  compactness  and  neatness 
in  design. 

Much  improvement  in  machine  design  has  doubtless 
recently  been  made ;  but  even  now  we  frequently  see 
large  quantities  of  waste  material  in  the  framing  or 
supporting  brackets,  which,  if  not  absolutely  injurious, 
is  of  no  advantage  to  the  working  of  the  machine, 
whilst  other  parts,  where  strength  is  required  and 
where  a  'fillet'  or  flange  in  the  casting  would  be  of 
value,  is  left  unprotected ;  the  result  is  unequal  strain, 
excessive  vibration,  and  inferior  work.  The  same  re- 
marks apply  with  increased  force  where  the  metal  is 
'scamped,'  as  in  the  so-called  cheap  machinery,  where 
general  efficiency  is  sacrificed  to  low  first  cost. 

Although  no  absolute  rules  can  be  laid  down,  these 
defects,  with  a  little  practical  experience,  can  easily 
be  obviated,  bearing  in  mind  that  the  various  propor- 
tions should  be  judiciously  distributed,  according  to  the 
strains  to  be  put  on  them ;  that  they  should  be  con- 
venient for  the  founder,  and  easily  manipulated  and 
renewable,  in  the  first  instance  in  the  workshop,  and 
afterwards  in  the  saw  mill.  As  regards  the  allowance 
to  be  made  in  constructing  framing,  in  consequence  of 
the  constant  additional  vibrating  strain  it  would  vary 
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considerably  in  different  classes  of  machines.  In  steam 
mortising  machines  with  a  reciprocating  motion  it 
would  be  as  high  as  25  per  cent.,  whilst  in  band-sawing 
machines,  where  the  strain  is  chiefly  torsional  and  the 
speed  or  duty  not  especially  severe,  a  considerably  less 
percentage  would  be  sufficient.  In  any  case  the  work- 
ing stress  of  framings  should  always  be  considerably 
less  than  the  elastic  stress,  as  the  tangential  and  other 
strains  produced  by  imperfectly  balanced  working  parts, 
unequal  or  excessive  duty,  lack  of  speed,  undue  friction, 
uneven  foundations,  or  inferior  workmanship  must  not 
be  lost  sight  of. 

Great  care  should  be  exercised  in  the  making  and 
finish  of  the  wooden  pp.tterns  used ;  inferior  woods 
should  never  be  employed.  The  best  yellow  pine  is 
suitable  for  the  larger  patterns,  and  mahogany  for  the 
small.  Whatever  little  extra  trouble  or  expense  is  in- 
curred in  making  perfect  patterns  is  amply  repaid  by 
the  casting  being  much  improved  in  symmetry  and  re- 
quiring less  finishing.  In  machine  framings,  owing  to 
the  difficulty  of  retaining  sharp  outlines  in  cast  iron, 
the  profiles  should  always  be  bold  and  simple  in  design, 
the  edges  well  rounded,  and  all  hollows,  where  stability 
and  extra  steadiness  in  working  is  required,  should  be 
supported  by  suitable  fillets  or  ribs. 

Complex  forms  in  machine  design  are  in  every  way 
to  be  avoided.  This  may  appear  a  somewhat  trite,  but 
it  is  certainly  not  an  unnecessary,  remark  in  these  days 
of  fierce  competition  and  straining  after  originality, 
and  young  engineers  may  bear  in  mind  with  advantage 
the  saying  of  James  Watt  that  '  the  greatest  of  all 
prerogatives  is  simplicity,  but  more  especially  when 
applied  to  machinery.' 
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If  iron  patterns  are  used,  which  is  advantageous 
when  a  large  number  of  castings  are  required,  allow- 
ance must  be  made  in  the  wooden  pattern  in  the  first 
instance  for  the  contraction  in  casting  in  the  subse- 
quent cooling.    It  is  somewhat  difiicdt  to  determine 
accurately  the  amount  of  this  contraction,  which  varies 
according  to  the  size  and  thickness  of  the  casting,  the 
nature  of  the  iron,  and  the  rapidity  of  cooling;  but  for 
framing  castings  of  medium  size— say,  up  to  two  tons  in 
weight— composed  of  iron  of  fair  quality  and  cooled 
slowly,  a  calculation  for  contraction  of  about  one-eighth 
of  an  inch  per  foot  in  either  direction  would,  we  think, 
be  safe.  The  thickness  of  the  metal  in  machine  framings 
should  always  be  as  uniform  or  gradual  as  possible,  so 
that  the  contraction  of  the  molten  iron  in  cooling  may 
be  tolerably  equal.    The  sudden  changes  in  a  casting 
from  thin  to  thick  metal  should  be  avoided,  as  they 
produce  a  degree  of  initial  stress  which  lessens  con- 
siderably its  strength,  strains  and  twists  it  out  of  shape, 
and  at  times  even  fractures  it.   Each  part  of  a  machine 
frame  or  details  should,  as  far  as  possible,  be  calculated 
to  bear  easily  the  highest  amount  of  straining  action  of 
whatever  kind  that  is  usually  put  on  it  whilst  perform- 
ing the  severest  duty  of  which  the  machine  is  capable. 
The  exact  calculation  of  these  various  and  somewhat 
complex  strains  is,  however,  difficult,  and  must,  after  a 
certain  point,  be  left  almost  entirely  to  practical  ex- 
perience.   If  motion  or  load  is  suddenly  applied,  the 
stress  on  both  framing  and  wearing  parts  is  much  in- 
creased. This  of  course  is  especially  noticeable  in  high- 
speeded  machines ;  care  therefore  should  be  taken  that 
the  application  of  the  belt  or  other  power  for  producing 
motion  should  be  very  gradual.   This  is  a  point,  we  are 
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afraid,  that  is  often  overlooked,  but  one  that  adds  con- 
sidera,bly  to  the  longevity  of  a  machine.  We  have 
found  the  application  of  a  quick-threaded  screw  for 
starting  or  stopping  belts  a  simple  and  effectual  method 
of  gradually  applying  this  power. 

For  machines  where  the  speed  is  moderate  and  the 
duty  light,  framings  with  ribbed  sections  have  some 
advantages,  notably  that  of  cheapness  and  easy  mani- 
pulation \  but  on  the  whole  tubular  or  cored  framing, 
with  its  various  modifications,  is  much  to  be  preferred. 

Care  must  be  taken  that  the  mixture  of  iron  em- 
ployed is  of  good  quality,  and  produces  sound  castings 
free  from  air  bubbles  or  honeycombs.  When  broken, 
the  iron  should  appear  close  in  the  grain  and  of  a 
light  bluish-grey  colour.  Unsound  castings,  or  those 
showing  a  mottled  appearance,  should  never  be  em- 
ployed where  they  may  be  subject  to  any  considerable 
strain.  The  surface  of  the  castings  should  be  made  as 
clean  as  possible,  any  little  extra  expenditure  in  this 
direction  amply  repaying  itself  in  their  appearance  and 
strength.  But  how  often  do  we  see  a  pound  a  ton 
saved  in  the  first  cost  more  than  spent  in  making  the 
castings  presentable  by  chipping  them  over  their  surface, 
reducing  at  the  same  time  considerably  their  resistance 
to  stress  by  removing  the  outer  skin  of  the  iron.  By 
casting  the  iron  under  pressure  much  sounder  castings 
are  produced,  but  the  difficulties  and  cost  of  the  process 
preclude  its  use,  except  for  plain  and  well-defined 
articles  and  when  expense  is  not  of  the  greatest  im- 
portance. Air  bubbles  or  honeycomb's  may  be  detected, 
after  a  little  experience,  by  ringing  a  hammer  over  the 
surface  of  the  casting. 

Especial  care  must  be  taken  in  designing  the  fram- 
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ing  of  machines  with  a  reciprocating  motion,  such  as 
timber  frames,  mortising  machines,  &c.,  with  a  view  of 
overcoming  the  excessive  vibration.  In  America  the 
main  uprights  of  timber  frames  of  large  size  are  often 
constructed  of  wood,  and  attached  to  or  combined  with 
the  timber  supports  of  the  building  itself.  By  these 
means  the  jar  and  vibration  is  in  a  great  degree  ab- 
sorbed, and  saw  frames  constructed  on  this  plan  are 
found  to  work  with  a  considerable  amount  of  success. 
They  are,  however,  open  to  objections  for  English  use, 
and  are  on  the  whole  somewhat  cumbersome  and  in- 
convenient. Occasionally  the  heavier  saw  frames  are 
arranged  with  an  air  cylinder,  or  to  drive  directly  from 
a  steam  cylinder  attached  to  the  top  of  the  frame. 
These  plans  have  some  advantages,  and  the  vibration  in 
working  is  considerably  lessened,  the  air  or  steam 
acting  as  a  cushion  at  each  stroke  of  the  swing  frame. 
Latterly  saw  frames  arranged  with  their  crank  shafts 
to  work  on  a  level  with  the  floor  lines  have  been  intro- 
duced. This  is  accomplished  by  making  the  vertical 
standards  of  the  frame  of  unusual  solidity,  and  at- 
taching them  and  the  working  parts  to  a  massive  bed- 
plate, or,  in  the  case  of  light  bed -frames,  casting 
standards  and  bed  plate  in  one  piece.  For  light  frames 
this  arrangement  is  sometimes  advantageous,  but  for 
heavy  frames  it  is  not  to  be  recommended,  and  should 
never  be  pursued  unless,  from  water  or  other  causes, 
deep  foundations  cannot  be  obtained.  Under  all  or- 
dinary circumstances  we  are  much  in  favour  of  a  fraine 
arranged  with  a  pit  crank-shaft,  and  whatever  extra 
cost  may  be  incurred  in  the  way  of  foundations  is 
repaid  by  decrease  of  vibration,  which  is  absorbed  by 
the  masonry  foundations  instead  of  the  mill  floor.  The 
work  turned  out  is  consequently  cleaner. 
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In  mortising  machines  witli  a  reciiDrocating  motion 
the  base  of  the  main  column  should  be  of  massive  con- 
struction, and  the  bed  plate  extended,  as  the  duty  in 
heavy  machines  is  very  severe. 

With  machines  working  on  the  rotary  principle  the 
stress  on  the  framing  is  less  severe ;  but  very  much 
depends  in  balancing  all  cutter  blocks  to  the  greatest 
nicety,  as,  should  they  be  only  slightly  out  of  truth, 
owing  to  the  immense  centrifugal  force  at  work,  the 
adverse  stress  exercised  on  all  parts  of  the  machine  is 
very  great.  All  cutter-block  spindles  too  should  be 
of  sufi&cient  section  to  obviate  all  chance  of  springing 
even  under  the  severest  duty,  and  the  spindle  bearings 
should  never  be  allowed  much  '  play,'  or  the  vibration, 
which  is  often  attributed  to  weak  framings,  is  much 
increased. 

As  regards  the  design  of  the  spindles  and  details 
used  in  the  construction  of  wood-working  machinery, 
if  wrought  iron  is  used,  only  that  of  the  best  quality 
should  be  employed,  combining  strength  and  toughness. 
This,  when  the  bar  is  fractured,  is  shown  by  the  fibres 
of  the  iron  being  close  and  uniform  in  the  grain,  free 
from  whiteness  or  crystallisation,  and  of  a  bright  blue- 
grey  colour.  The  dimensions  of  spindles  should  be  as 
uniform  as  possible,  avoiding  abrupt  angles  and  sudden 
changes  of  diameter.  Where  spindles  are  subject  to 
much  strain  the  alteration  of  diameter  should  be 
graduated  by  a  curve,  or  what  is  known  as  rounded  off, 
as  any  shock  or  vibration  is  thus  more  evenly  dis- 
tributed. For  all  the  smaller  diameters  of  spindles  we 
prefer  to  use  Bessemer  or  other  mild  steel,  and  the  cost 
is  very  little  in  excess  of  the  best  wrought  iron.  It  is 
of  course  rather  more  difiicult  to  work,  but  this  is 
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repaid  by  a  finer  surface  being  obtainable,  as  wrought 
iron  is  often  found  seamy,  or,  by  the  fibres  of  the  iron 
not  running  parallel  to  the  length  of  the  bar,  the 
abrasion  of  the  surface,  and  consequent  friction  on  the 
bearings,  is  much  increased^  In  forging  spindles,  or 
any  parts  on  which  there  is  great  strain,  as  few  '  heats  ' 
as  possible  should  be  taken  by  the  smith,  as  by 
constant  reheatings  the  strength  of  the  bar  is  consider- 
ably reduced.  Great  care  also  should  be  taken  that 
collars  or  journals,  or  any  forgings  necessitating  a 
number  of  heats,  are  not  burnt,  as  we  have  more  than 
once,  especially  in  steel  spindles,  seen  them  from  this 
cause  break  short  olf  at  the  angle  on  receiving  only  a 
ver}^  moderate  shock  or  blow. 
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BEAEINGS  FOR  WOOD-WORKING-  MAOHINEEY. 

In  consequence  of  the  high  rate  of  speed  at  which  it 
is  necessary  to  operate  wood-working  machinery,  the 
proper  proportion,  construction,  and  lubrication  of  the 
bearings — whereby  the  friction  necessarily  engendered 
can  be  reduced  to  its  lowest  limits — is  a  matter  of  vital 
importance.  Much  time  has  been  spent  by  scientific 
men  in  investigating  the  theory  of  friction,  and  many 
learned  treatises  written  thereon.  One  of  the  most  valu- 
able of  the  earlier  ones  with  which  we  are  acquainted 
was  written  by  George  Eennie,  F.R.S.,  and  published 
in  the  'Philosophical  Transactions'  for  1829.  In  this 
paper  he  gives  briefly  some  of  the  deductions  made  by 
the  earliest  writers  on  this  subject,  including  Amontons, 
who  wrote  in  the  year  1669,  giving  as  his  opinion  that 
friction  was  not  augmented  by  an  increase  of  surface, 
but  only  by  an  increase  of  pressure,  and  that  the  amount 
was  the  same  both  with  woods  and  metals  when  un- 
guents were  interposed.  He  likewise  concluded  that 
friction  increased  or  diminished  with  the  velocity,  and 
varied  in  the  ratio  of  the  weight  and  pressure  of  the 
rubbing  parts  and  the  time  and  velocity  of  their  mo- 
tions. Most  of  the  scientific  men  following  Amontons 
agreed  with  his  hypotheses,  including  De  la  Hire.  Ex- 
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periinents  as  to  the  theory  of  friction  were  also  made 
by  Vince  and  Coulomb  in  1784  and  1799.  Following 
these,  Euler  concluded  that  it  depended  on  the  greater 
or  less  approximation  of  the  asperities  of  the  surface 
brought  into  contact  by  pressure,  the  resistance  to 
which  he  agreed  was  one-third  of  the  pressure ;  of  the 
effect  of  velocities  he  was  uncertain.  Muschenbroek 
and  others  maintained  that  friction  increased  with  the 
surface.  Bossut  divided  it  into  two  kinds,  the  first 
being  generated  by  the  gliding,  and  the  second  by  the 
rolling  of  the  surface  of  one  body  over  another ;  he  also 
concluded  that  it  was  effected  by  time,  but  that  it  fol- 
lowed neither  the  ratio  of  the  pressure  nor  of  the 
mass.  A  great  number  of  other  scientific  men,  in- 
cluding Lambert,  Parent,  Brisson,  Camus,  Schober, 
Meister,  Leibnitz,  Varignon,  Bernouilli,  Ferguson, 
Gregory,  Leslie,  Bulfinger,  Young,  &c.,  early  in  this 
century  wrote  on  the  theories  of  friction. 

In  the  year  1784  De  Yince  made  a  number  of  ex- 
periments to  determine  the  law  of  retardation,  together 
with  the  quantity  and  the  effect  of  surface  on  friction. 
He  was  of  opinion  that  the  friction  of  hard  bodies  in 
motion  was  an  uniformly  retarding  force,  but  not  so 
with  soft  bodies,  such  as  cloth,  which  produced  an  in- 
crease of  retardation  with  an  increased  velocity,  and 
also  that  the  quantity  of  friction  amounted  to  about 
one-fourth  the  pressure,  and  that  it  increased  in  a  less 
ratio  than  the  weight  of  the  body;  that  when  the 
surfaces  varied  from  1'61  :  1  to  10*06  :  1  the  smallest 
surface  gave  the  least  friction,  and  that  friction  was 
greatly  influenced  by  cohesion. 

A  very  elaborate  series  of  experiments  on  the  laws 
of  friction  were  undertaken  by  Coulomb  at  the  instance 
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of  the  Erencli  Academy  of  Sciences  in  the  year  1799. 
He  commences  by  examining  the  friction  of  plane  sur- 
faces gliding  over  each  other,  and  divides  it  into  two 
kinds,  the  first  resulting  from  time  and  the  second 
from  velocity.  The  first  he  considers  to  depend  on  five 
different  causes — (1)  the  nature  of  the  bodies  in  con- 
tact ;  (2)  the  extent  of  surface ;  (3)  the  pressure  on 
the  surface;  (4)  the  time  the  surfaces  have  been  in 
contact ;  and  (5)  the  state  of  the  atmosphere.  He  was 
also  of  the  opinion  that  the  friction  of  wood  on  wood, 
and  metal  on  metal  without  unguents,  was  in  propor- 
tion to  the  pressure,  which  attained  its  maximum  in  a 
few  minutes  after  repose,  and  that  Avith  heterogeneous 
surfaces,  such  as  those  of  woods  and  metals  gliding  over 
each  other,  the  intensity  did  not  attain  its  limit  some- 
times for  days.  He  also  concluded  that  velocities  had 
very  little  influence  in  augmenting  friction  except  under 
peculiar  circumstances. 

In  1801  Mr.  Southern,  of  Soho,  made  experiments 
on  the  surfaces  of  the  spindles  of  grindstones  running 
at  a  high  speed,  when  he  decided  that,  with  rubbing 
surfaces  moving  at  the  rate  of  4  feet  per  second  over  a 
length  of  surface  of  1,000  feet,  the  resistance  arising 
from  the  friction  of  3,700  lbs.  of  load  amounted  to  one- 
fortieth  of  the  weight. 

Mr.  George  Eennie's  experiments  on  the  laws  of 
friction  were  on  a  very  extended  and  complete  scale, 
but  our  space  prevents  our  giving  as  lengthened  a  de- 
scription as  we  should  wish.  His  deductions,  however, 
were  as  follows  : — (1)  that  the  friction  of  metals  varies 
with  their  hardness  ;  (2)  that  the  hard  metals  have  less 
friction  than  the  soft  ones  ;  (3)  that  without  unguents, 
and  within  the  limits  of  32  lbs.  8  ounces  per  square 
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inch,  the  friction  of  hard  metals  against  hard  metals 
may  be  estimated  at  about  one-sixth  of  the  pressure ; 
(4)  that  Avithin  the  limits  of  their  abrasion  the  friction 
of  metals  is  nearly  alike. 

For  determining  the  friction  of  axles  Mr.  Eennie 
arranged  an  apparatus  consisting  of  a  roller  with  ac- 
curately turned,  movable  ends ;  these  were  made  of 
three  different  metals — viz.  cast  iron,  gun  metal,  and 
yellow  brass.  The  axle  ran  in  bearings,  truly  bored  in 
cast  iron,  leaving  the  axle  full  play.  A  cord  was 
attached  to  the  roller,  passed  over  a  pulley  carrying 
a  scale  in  which  the  moving  weights  were  placed.  The 
axle  projected  beyond  the  bearings,  and  on  this  slings 
were  hung,  and  carried  the  scale  which  held  the  weights 
with  which  the  axle  was  loaded.  The  rope  pulley  was 
made  very  sensitive,  and  the  descent  of  the  body  was  only 
4^  inches.  From  experiments  made  with  this  apparatus, 
it  appeared  when  no  unguents  were  employed,  and  when 
the  gun  metal  was  loaded  with  variable  weights  from 
1  to  10  cwt.,  the  friction  varied  within  the  limits  of  - 
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and  of  the  pressure  ;  that  the  diminution  of  friction 
by  unguents  depends  upon  the  weight  and  the  unguents 
conjointly. 

Eennie  also  made  a  series  of  experiments  on  the 
amount  of  friction  as  depending  on  velocity.  From  these 
experiments  he  concluded  that  friction  did  not  increase 
with  an  increase  of  velocity.  Since  Rennie's  a  number 
of  excellent  treatises  on  the  laws  and  coefficients  of 
friction  have  been  published,  notably  by  Morin, 
Welkner,  Bokelberg,  and  others,  and  most  of  Rennie's 
deductions  have  been  upheld;  and  although  his  ex- 
periments were  made  some  fifty  years  since,  they  are 
of  much  practical  value  to  engineers  of  the  present 
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daj.  Joule  and  Thompson  divide  friction  briefly  into 
two  kinds — sliding  and  rolling — and  maintain  that  the 
quantity  of  frictional  heat  evolved  is  exactly  sufficient 
to  reproduce  the  effort  caused  in  overcoming  the  friction. 
As  most  of  the  more  modern  treatises  on  friction  are 
doubtless  knovrn  to  many  readers,  I  shall  pass  them 
with  a  casual  reference  only. 

Bearings  for  wood-working  machinery  are  usually 
made  of  cylindrical  form,  but  sometimes  conical  or 
spherical,  and  to  ensure  coolness  in  working  and  durabi- 
lity, owing  to  the  excessive  friction  engendered,  they 
should  be  of  special  proportions.  No  hard  and  fast 
rule  for  calculating  the  length  and  diameters  of  bearings 
of  wood-working  machinery  can  well  be  laid  down, 
owing  to  the  difficulty  of  calculating  exactly  the  amount 
of  friction.  Bokelberg  gives  the  coefficients  of  fric- 
tion as  0-0028  for  small  loads  and  low  velocities,  and 
0"013  for  heavy  loads  and  high  velocities.  Of  course 
these  coefficients  must  differ  according  to  the  condition 
of  the  bearings  and  the  lubrication  of  the  metal  em- 
ployed. Morin  gives  0-05  to  0-07  as  the  coefficient  for 
well-lubricated  bearings,  whilst,  according  to  experi- 
ments made  by  Kirchweger  on  railway  axles,  the  co- 
efficient of  friction  of  wrought  iron  on  gun  metal  is 
found  to  be  0'014,  whilst  wrought  iron  on  white  metal 
is  set  down  as  0*009  to  0-01.  Whichever  calculations 
are  most  correct,  owing  to  the  varying  and  special 
conditions  under  which  the  bearings  of  high-speeded 
machinery  are  employed,  practical  experience  must  of 
necessity  be  the  chief  guide  as  to  their  correct  pro23or- 
tions,  of  course  bearing  in  mind  also  what  pressure  and 
straining  forces  they  are  likely  to  be  subject  to.  In 
America  as  a  rule  engineers  make  their  spindles  much 
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smaller  and  their  bearings  longer  than  is  the  practice 
in  this  country.  We  are  not  aware,  however,  on  what 
data  their  calculations  as  to  proportions  are  based. 
To  ensure  durability  and  small  friction  to  bearings 
which  support  spindles  running  at  high  speeds,  a  con- 
siderable amount  of  bearing  surface  is  necessary.  To 
secure  this  it  is  better  to  extend  the  bearing  in  length 
than  increase  its  diameter.  In  calculating  the  correct 
proportions  of  bearings,  the  kind  of  metal  employed, 
the  action  to  which  it  is  subject,  and  the  mode  of 
lubrication  are  points,  in  addition  to  the  pressure  and 
straining  forces,  before  alluded  to,  that  must  not  be  lost 
siarht  of.  As  regards  the  length  of  bearings  for  high- 
speeded  machinery,  from  three  to  four  diameters  may 
be  taken  as  a  safe  criterion  for  spindles  that  are  con- 
stantly running  at  speeds,  say,  up  to  5,000  revolutions 
per  minute ;  above  that  speed  the  length  of  the  bearing 
can  be  increased,  say,  one  or  one  and  a  half  diameter 
with  advantage ;  for  spindles  that  only  work  occasionally 
and  at  a  slower  speed  they  may  be  made  shorter,  and 
the  spindles  of  less  diameter  for  a  given  duty,  the 
friction  in  consequence  being  reduced.  Various  me- 
chanical arrangements  for  reducing  friction  have  been 
tried,  but,  as  a  rule,  with  little  success.  In  the  year 
1845  Mr.  John  Blyth,  of  London,  patented  a  plan  for 
preventing  the  heating  of  bearings  by  means  of  cold 
water.  The  bearings  were  constructed  with  a  hollow 
cavity  in  the  shell,  through  which  a  stream  of  cold 
water  was  passed,  and  in  the  case  of  bearings  which 
moved  round  an  external  axis,  as  in  connecting  rods, 
flexible  pipes  were  used  to  conduct  the  water.  A  Mr. 
Coles,  of  London,  soon  after  this  invented  a  system  of 
anti-friction  bearings,  in  which,  in  place  of  the  rubbing 
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action  of  the  spindle,  he  substituted  the  roUing  action 
of  detached  pulleys.  A  Mr.  Mallett,  of  Dublin,  also 
patented  a  scheme  for  reducing  friction.  In  the  place 
of  pulleys,  however,  he  substituted  a  set  of  rollers  of 
small  diameter,  which  were  confined  in  a  box  directly 
surrounding  the  bearings.  None  of  these  plans,  how- 
ever, came  into  use. 

The  idea  of  reducing  friction  by  rolling  bearings  is 
not  by  any  means  new.  On  several  American  railways 
some  of  the  most  recent  rolling  stock  has  been  fitted 
with  steel  axles  revolving  on  some  sixty  hardened  steel 
rolls,  so  arranged  that  no  two  rolls  are  in  line  with 
each  other.  These  are  enclosed  in  a  box  lined  with 
hardened  steel,  and  receive  the  whole  of  the  friction  of 
the  axle  ;  they  are  worked  without  lubricants,  and  are 
reported  to  reduce  the  friction  in  a  very  marked  degree 
even  when  heavily  loaded.  Elliptical  or  egg-shaped 
rollers  have  also  been  tried.  These  are  either  mounted 
on  spindles  or,  where  single  sets  of  rollers  only  are  used, 
the  ends  of  the  rollers  are  turned  to  act  as  such ;  where 
more  than  one  roller  in  the  same  line  is  used  a  washer 
is  placed  between  each  one.  The  whole  set  of  rollers 
are  at  liberty  to  revolve  round  the  shaft  and  plumraer 
block,  which  is  lined  with  hard  metal. 

In  this  country  the  materials  used  for  the  bearings 
of  high-speeded  machinery  are  almost  and  entirely 
confined  to  gun  metal,  occasionally  white  metal  alloys, 
and  an  alloy  of  later  introduction  known  as  phosphor 
bronze.  If  gun  metal  is  used  it  should  contain  sufficient 
admixture  of  tin  to  produce  a  certain  amount  of  hard- 
ness ;  about  18  parts  of  tin  to  82  of  copper  is  a  suitable 
proportion.  The  bearings  should  be  cast  in  chills,  as 
rapid  cooling  is  found  to  give  a  kind  of  *  skin '  to  the 
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surface,  improve  the  metal  in  toughness,  and  its  wearing 
power  is  increased.  The  alloy  '  phosphor  bronze '  is 
found  to  possess  in  a  marked  degree  strength,  tough- 
ness, and  durability.  It  is  a  combination  of  copper, 
tin,  and  phosphorus,  which  can  be  so  regulated  that 
castings  as  hard  as  steel  or  as  tough  as  wrought  iron  can 
be  produced,  as  circumstances  may  require.  The  fluidity 
of  this  alloy  is  very  great,  producing  castings  of  perfect 
soundness  and  very  fine  in  the  grain.  The  writer  some 
few  years  back  introduced  it  into  the  bearings  of  grind- 
ing and  disintegrating  mills  with  spindles  making  some 
3,500  revolutions  per  minute,  and,  although  the  duty 
was  severe,  after  six  months'  use  the  wear  was  scarcely 
perceptible.  The  lubricant  used  was  lard  oil.  From 
experiments  it  has  been  proved  to  have  a  tenacity  of 
22  tons  per  square  inch  in  the  softer  alloys  to  33  tons 
in  the  hardest ;  the  elastic  limit  of  the  former  is  about 
5  tons,  and  the  latter  25  tons.  The  soft  alloy  stretches 
30  per  cent,  before  fracture,  and  the  hardest  not  more 
than  4  per  cent.  Samples  of  unannealed  wire  of  16 
B.W.G.  broke  at  from  102  tons  per  square  inch  to 
151  tons,  and  when  annealed  at  48  to  74  tons  per 
square  inch.  It  is  also  stated  that  a  bar  of  phosphor 
bronze  has  resisted  without  rupture  over  2^  million 
twists  at  a  strain  of  12  tons. 

In  the  International  Exhibition,  1878,  at  Paris,  a 
number  of  bearings,  slide  valves,  piston  rings,  pinions, 
&c.,  made  of  phosphor  bronze  were  exhibited.  These 
had  been  tried  under  varying  conditions,  and  in  some 
cases  in  competition  with  gun  metal,  and  the  results 
were  vastly  in  favour  of  phosphor  bronze.  We  espe- 
cially noticed  a  set  of  gun-metal  and  phosphor-bronze 
bearings  that  were  used  side  by  side  in  crushing  rolls, 
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working  at  120  revolutions  per  minute,  eacli  roll  having 
a  pressure  of  1\  tons.  These  bearings  were  at  work  a 
year  and  nine  months  night  and  day,  and  when  re- 
moved the  wear  on  the  phosphor  bronze  was  very 
small  indeed,  whilst  the  gun  metal  was  entirely  worn 
through.  Notwithstanding  that  phosphor  bronze  is 
more  costly  and  somewhat  more  diflficult  to  manipulate, 
it  must  be  considered  a  most  valuable  alloy,  not  only 
for  bearings  but  for  bolts,  pins,  &c.,  where  great  tensile 
strength  is  required. 

An  alloy  for  bearings,  composed  of  tin  and  phos- 
phorus, has  recently  been  introduced  on  the  Continent. 
It  is  claimed  for  it  that  it  is  easily  fusible,  melts  at 
330°  C.  (626°  F.),  does  not  heat,  and  therefore  requires 
little  lubrication.  Its  shrinkage  is  little  and  it  is  un- 
affected by  acids.  If  it  is  found  to  fulfil  all  these 
conditions  it  should  be  of  considerable  value  for  some 
classes  of  moulded  bearings. 

In  direct  contrast  to  English  practice,  American 
engineers  almost  invariably  make  or  line  the  bearings 
of  their  wood- working  machinery  with  a  soft  alloy,  such 
as  Babbitt  metal  or  Parson's  white  brass.  These  alloys 
are  melted  and  moulded  or  poured  round  the  spindles 
which  have  to  run  in  them.  Considerable  care  has  to  be 
exercised  in  this  operation,  and  the  spindle  set  to  a  dead 
level.  The  metal  should  not  be  over  hot,  and  both  sides 
of  the  bearing  should  be  poured  at  the  same  time.  The 
bearing  should  then  be  scraped  and  the  spindle  'bedded' 
in  the  usual  manner.  A  large  number  of  white  metal 
alloys  have  been  introduced  during  the  last  thirty 
years  by  Grafton,  Vaucher,  Parsons,  Jones,  Lechesne, 
and  others.  Lechesne  patented  an  alloy  in  which  he 
used  cadmium  in  combination  with  other  metals.  The 
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formulEe  were  as  follows  : — Copper,  650  parts ;  nickel, 
275  parts ;  cadmium,  zinc,  and  tin,  25  parts.  Cadmium 
is  malleable  and  fuses  at  a  low  heat,  but  volatilises 
rapidly,  and  considerable  difacultj  is  experienced  in 
combining  it  witli  other  metals ;  but,  from  its  nature, 
we  should  imagine  it  would  produce  a  fine  surface  on 
the  bearing,  and  consequently  reduce  friction.  The 
alloy  most  popular  in  America  is  known  as  Babbitt 
metal,  which  is  a  misnomer,  as  the  invention  of  Mr. 
Isaac  Babbitt,  which  was  patented  in  America  some 
forty  years  ago,  consisted  in  constructing  the  bearing 
with  a  lip  around  the  edge  of  the  soft  metal,  to  prevent 
it  running  out,  and  not  in  any  mixture  of  metals.  In 
addition  to  Babbitt's,  different  forms  of  bearings  have 
been  introduced  in  America  by  Eice,  Goodman,  and 
others.  As  Groodman's  invention,  introduced  in  1855, 
is  somewhat  novel  and  departs  from  the  beaten  track,  it 
deserves  more  than  a  passing  notice.  The  novelty  in 
this  bearing  consisted  in  the  substitution  of  a  bearing 
surface  of  some  vegetable  substance,  such  as  hemp, 
saturated  with  a  mixture  of  tallow,  sulphur,  and  black- 
lead.  The  bearings  were  made  of  cast  iron,  and  a 
series  of  ribs  extended  longitudinally  the  whole  length 
of  the  bearing.  The  space  between  these  ribs  was  fitted 
tightly  with  either  hemp,  flax,  wool,  cotton,  or  shavings 
of  leather.  The  durability  of  the  material  employed 
seems  to  have  been  established ;  but,  either  from  its 
resistance  to  motion  and  the  extra  power  therefore 
required  to  drive,  or  from  some  other  cause,  it  seems 
never  to  have  come  much  into  use.  As  regards  white 
metal  alloys  for  bearings  of  high-speeded  machinery, 
after  considerable  experience  we  cannot  speak  in  their 
favour ;  there  may  be  less  friction  in  their  use,  and  they 
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may  be  somewbat  cheaper  in  their  first  cost,  but,  as 
they  require  constant  renewals,  anything  gained  in  this 
way  is  soon  lost.  For  spindles  running  at  moderate 
speeds  and  without  a  heavy  load  or  strain  they  doubt- 
less possess  some  advantages,  either  when  used  as  linings 
or  as  solid  bearings ;  but  for  high  speeds  and  energetic 
friction  they  cannot  be  recommended. 

All  the  chief  bearings  of  high-speeded  machines 
should  be  made  adjustable  for  wear.    This  is  especially 
important  where  there  is  a  great  *  pull '  on  the  spindle. 
This  compensation  is  easily  secured  by  dividing  the 
bearing  vertically  and  at  unequal  distances,  and  fitting 
set  screws  through  the  sides  of  the  journal.  Arrange- 
ments should  also  be  made  for  taking  up  the  end  play  of 
the  spindle.    From  the  high  speed  and  the  dust  and 
grit  floating  about  in  saw  mills,  the  bearings  of  wood- 
working machinery,  unless  well  fitted  and  well  looked 
after,  are  especially  liable  to  '  fire  '  or  '  seize.'    If  this 
should  be  the  case,  they  should  be  at  once  taken  out 
and  the  faces  of  the  bearing  let  closer  together,  the 
abrasions  being  removed  by  a  '  scraper '  and  the  bear- 
ings accurately  rebedded  on  the  spindle.    Should  this 
not  be  done,  considerable  trouble  will  be  found  in  keep- 
ing it  running  even  with  excessive  lubrication.  Very 
great  care  should  always  be  exercised  in  fitting  bear- 
ings, the  spindles  being  bedded  with  red  lead  and  the 
bearings  scraped  till  the  spindle  runs  easily  at  a  dead 
level ;  they  should  not  fit  the  spindle  too  tight  nor  yet 
too  loose.    In  the  lightest  class  of  high-speeded  spindles 
centre  bearings  with  end  adjustments  have  some  ad- 
vantages, but  for  the  general  range  of  machines  we 
think  the  ordinary  parallel  cylindrical  bearings,  taldng 
everything  into  consideration,  are  to  be  preferred  to 
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any  other  form.  When  cheapness  of  production  is 
essential  we  can  strongly  recommend  the  use  of  cast 
iron  for  bearings,  as  a  steel  spindle  revolving  on  sound 
cast  iron  of  not  too  hard  a  texture  is  found  to  produce 
a  fine  surface. 

For  bearings  such  as  those  used  in  machines  with  a 
reciprocating  motion,  that  are  difficult,  from  dust  or 
other  causes,  to  keep  lubricated,  some  kinds  of  wood, 
although  little  used  in  this  country,  have  many  advan- 
tages.   Lignum  vitse,  box,  and  pear-tree  woods  are 
suitable  for  this  purpose  ;  but  all  resinous  woods  are 
unsuitable.    All  bearings  should  be  guarded  from  dust 
as  much  as  possible,  and  very  efficient  lubrication 
secured.    This  in  connecting-rod  and  some  other  bear- 
ings subject  to  excessive  friction  is  often  a  matter  of 
some  little  dfficulty.    We  have  found  a  brass  needle 
lubricator,  constructed  on  wliat  is  known  as  Lieuvain's 
patent,  tolerably  effective  for  ordinary  purposes ;  but 
where  the  friction  is  great  an  additional  tallow  cup 
should  be  provided,  the  tallow  in  which  would  melt  in 
case  of  the  bearing  heating.     For  metal  rubbing  on 
wood,  water  is  found  to  be  an  excellent  lubricant.  Sul- 
phur, blacklead,  or  plumbago  reduced  to  a  fine  powder 
and  mixed  with  the  oil  or  tallow  applied  to  the  bearing 
is  found  to  retain  the  lubricative  qualities  of  the  oil,  and 
reduces  the  friction  considerably.    We  have  recently 
heard  soap-stone  very  highly  spoken  of  as  a  lubricant 
for  high-speeded  spindles.    It  is  first  reduced  to  a  very 
fine  powder,  and  washed  to  remove  all  gritty  particles  ; 
it  is  then  stirred  in  diluted  muriatic  acid,  to  dissolve  any 
traces  of  iron  it  may  contain.    The  powder  is  then  re- 
washed  in  water  to  remove  the  acid,  dried,  and  mixed 
with  oils  or  fats  in  the  proportion  of  about  25  per  cent. 
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for  light  machinery  to  about  40  per  cent,  for  heavy 
machinery  running  at  a  somewhat  slower  speed.  It  is 
said  to  retain  well  the  oleaginous  properties  of  the 
lubricant,  and  to  produce  a  very  fine  surface  on  the 
bearing.  We  have  found  pure  sperm  and  olive  oils 
very  fine  lubricants,  but  their  cost  in  a  degree  precludes 
their  use,  except  for  light  spindles.  An  antifriction 
grease  composed  of  hog's  lard,  guttapercha,  and  pow- 
dered blacklead  is  much  used  in  the  United  States. 
All  fat  oils  should  be  stored  in  a  moderate  temperature. 
If  exposed  to  much  heat  they  are  found  to  decompose 
and  lose  their  oleaginous  properties.  We  have  also 
used  pure  castor  oil  with  very  considerable  success,  as 
it  is  free  from  acid,  does  not  clog,  and,  owing  to  its 
clinging  properties,  does  not  run  out  of  the  bearing. 
Self-oiling  bearings  of  various  kinds  have  been  pa- 
tented and  introduced,  with  more  or  less  success.  One 
of  American  origin,  patented  in  1865  and  made  by 
J.  A.  Fay  and  Co.  and  other  firms,  is  especially  adapted 
for  circular-saw  spindles.  The  two  pedestals  are  cast  at 
either  end  of  a  bracket,  which  is  furnished  with  oil 
chambers,  connected  together  by  a  recess  extending 
diagonally.  The  oil  is  conducted  from  the  chamber  to 
the  bearings  by  means  of  cotton  wick  or  felt,  which  is 
fitted  in  the  before-mentioned  recess,  and,  after  passing 
through  the  bearing,  works  its  way  back  to  the  cham- 
bers.   The  oil  is  thus  kept  in  constant  circulation. 

The  spindles  used  in  high-speeded  machinery  should 
be  made  of  the  soundest  material  possible,  as,  no 
matter  how  w^ell  constructed  and  lubricated  bearings 
may  be,  if  the  spindles  are  seamy  the  friction  is  much  in- 
creased, and  considerable  difficulty  is  found  in  keeping 
them  running.    All  cutter  blocks  and  pulleys  should  be 
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accurately  balanced.  They  should  never  be  worked  at 
short  centres  ;  and  all  driving  belts  should  be  of  ample 
width;  the  transverse  strain,  which  is  so  destructive 
to  bearings,  is  thus  minimised,  and  the  cost  of  belting 
and  lubrication  reduced.  Steel  is  to  be  recommended 
for  spindles  in  preference  to  iron,  on  account  of  its 
homogeneity  and  rigidness.  By  its  use  the  diameter 
of  the  spindles  can  also  be  reduced  considerably— say, 
about  one-fourth. 

In  machines  whose  cutter  blocks  have  only  one 
bearing  immediately  supporting  it,  such  as  overhung- 
cutter  moulding  machines,  vertical-spindle  shaping 
machines,  &c.,  the  superior  rigidity  of  steel  is  especially 
valuable,  as,  should  the  spindles  spring  from  the  exces- 
sive pressure  which  they  are  sometimes  subject  to,  the 
bearings  are  rapidly  destroyed  and  the  work  turned 
out  is  of  an  inferior  description. 

'Footstep 'bearings,  or  those  on  which  the  lower  ends 
of  a  vertical  spindle  rest,  are  usually  solid,  a  cup-  or 
obtuse  Y-shaped  recess  being  turned  in  one  end  of 
the  bush  in  which  the  spindle  revolves;  sometimes, 
however,  conical  bearings  are  substituted.  In  either 
case  these  bearings  should  have  both  lateral  and  verti- 
cal adjustments ;  and,  as  the  dust  made  in  working 
necessarily  absorbs  much  of  the  lubricating  matter,  a 
recess  for  oil  having  direct  communication  with  the 
bearing  surface  should  be  formed  in  the  pedestal  in 
which  the  bearing  is  fitted.  Should  a  bearing  become 
heated  or  '  seize,'  pour  cold  water  on  it  till  thoroughly 
cool,  This  heating  often  occurs  with  new  bearings,  and 
may  arise  from  several  causes — viz.  want  of  lubrication, 
the  bearing  or  spindle  being  out  of  truth  or  badly 
fitted,  from  a  'seamy'  spindle  or  the  bearing  being 
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screwed  down  too  tight.  Should  the  bearhig  be  much 
abraded  by  the  friction,  it  will  be  necessary  to  remove 
the  spindle  and  *  scrape  '  the  bearing  before  restarting. 
The  level  of  the  spindle  should  be  tried,  and  the  bear- 
ings well  lubricated ;  the  cap  screwed  down  lightly, 
and  the  spindle  worked  for  a  short  time  without  per- 
forming any  duty. 

If  conical  bearings  are  used  care  must  be  taken 
that  the  spindles  are  allowed  no  end  play.  This  can 
be  secured  by  fitting  a  steel  pin,  screwed  at  its  own 
end  and  passed  through  the  end  of  the  bearing  till  it 
touches  the  end  of  the  revolving  spindle.  The  steel 
pin  can  be  set  up  by  a  nut,  and  the  end  nearest  the 
spindle  should  be  of  somewhat  smaller  diameter,  and 
a  flat  filed  on  its  side,  which  will  form  an  efficient  oil- 
way. 

In  practice  it  is  often  found  more  difficult  to  keep 
bearings  well  lubricated  that  are  subject  to  constant 
and  great  pressure  than  those  which  carry  spindles  re- 
volving at  high  speeds,  as,  from  the  weight  of  the  load, 
after  running  a  short  time  their  unguents  are  expelled 
from  the  bearings  unless  especial  provision  is  made. 
For  this  class  of  bearings  unguents  with  a  metallic 
i3ase,  such  as  plumbago,  are  found  the  most  efficient. 
A  dry  metallic  composition  has  recently  been  intro- 
duced for  lubricating  purposes  ;  it  is  made  in  the  form 
of  small  cylindrical  plugs  and  inserted  in  holes  made 
in  the  solid  bearings  or  surfaces  requiring  lubricating. 
It  is  reported  to  bear  a  temperature  of  450°  Fahr. 
It  is  known  as  'metaline,'  but  we  cannot  from  our 
own  experience  speak  as  to  its  value. 
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CHAPTER  XXXIV. 

MACHINE  FOUNDATIONS. 

The  proper  fixing  on  adequate  foundations  has  mucli 
to  do  with,  the  satisfactory  performance  of  wood-work- 
ing machinery.  In  the  case  of  machines  working  on 
the  rotary  principle  little  difficulty  is  experienced  as 
regards  foundations,  the  stress  being  as  a  rule  easily 
absorbed  by  well-apportioned  framing — that  is,  on  the 
assumption  that  the  working  parts  are  all  truly  balanced 
and  fitted.  With  machines  with  a  reciprocating  action, 
however,  it  is  different ;  considerable  difficulty  is  some- 
times found  in  arranging  them  to  operate  with  a  mini- 
mum of  vibration. 

Conditions  sometimes  arise  in  consequence  of  proxi- 
mity to  tidal  rivers,  or  on  undrained  land,  where,  before 
a  machine  requiring  a  deep  foundation  can  be  fixed, 
especial  means  must  be  taken  to  get,  in  the  first  in- 
stance, a  solid  basis.  "Where  the  water  is  very  trouble- 
some and  difficult  to  get  rid  of,  and  where  the  weight  to 
be  supported  and  vibration  to  be  absorbed  are  consider- 
able, as  in  the  heaviest  class  of  log-sawing  frames,  we 
have  found  a  series  of  English  elm  piles  to  make  the 
most  durable  and  satisfactory  foundation.  The  distance 
apart,  and  the  depth  they  should  be  driven,  must  depend 
on  the  action  of  the  machine,  the  weight  of  the  load, 
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and  the  nature  of  the  soil.  The  tops  of  the  piles 
should  be  sawn  off  level,  and  sleepers  or  planks  fixed 
transversely  on  the  top  of  them.  This  will  make  a  safe 
and  lasting  foundation.  The  piles  and  sleepers  should 
be  creosoted.  It  is  also  advisable  that  the  machine 
should  be  fixed  on  an  extended  bed-plate  of  extra 
massive  section.  When  the  ground  is  moist  only,  and 
much  concrete  is  unnecessary,  a  good  plan  is  to  ram 
the  substratum  firm,  and  cover  with  a  layer  of  broken 
stone  or  slag  to  about  6  inches  in  depth.  Into  this 
layer  pour  melted  asphalt.  This,  when  cold,  binds 
together  in  one  solid  mass,  prevents  damp,  and  gives 
a  strong  foundation  for  the  subsequent  masonry. 

To  reduce  the  depth  and  lessen  the  cost  of  exca- 
vations, saw  frames  should  be  connected  to  the  crank 
shaft  by  two  rods,  one  on  either  side  of  the  frame. 
The  vibration  is  also  reduced  considerably  by  counter- 
balancing the  reciprocating  parts,  and  by  arranging  the 
crank  shaft  as  near  the  base  of  the  machine  as  possible ; 
with  saw  frames  a  fly  wheel  or  wheels  is  found  to 
add  considerably  to  their  steadiness  in  working.  If 
the  saw  frame  is  fixed  on  masonry,  we  have  found  the 
vibration  considerably  lessened  by  the  introduction  of  a 
sheet  of  lead  or  a  thin  piece  of  hard  wood  between  the 
base  of  the  machine  and  crank- shaft  plummor- blocks 
and  the  masonry.  As  regards  the  masonry  employed, 
stone  is  of  course  stronger  and  more  solid,  and  offers 
a  better  resistance  to  vibration,  than  any  other,  but 
its  greatly  increased  cost  is  somewhat  of  a  bar  to  its 
general  adoption  for  all  classes  of  machinery.  The 
strength  of  a  stone  foundation  depends  in  a  great  mea- 
sure on  the  quality  of  the  stone  employed,  and  also  that 
the  size  and  shape  of  the  blocks  used  are  in  proportion 
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to  the  strength  of  the  stone.  The  mortar,  too,  used  foi 
this  purpose  should  be  of  the  very  first  quality,  and  the 
stones  accurately  dressed.  If  the  dressing  is  badly 
done,  and  the  pressure  is  unequal  and  severe,  they  are 
liable  to  fracture.  Some  classes  of  stone  can  safely  be 
employed  for  machine  foundation  in  blocks  of  almost 
any  size,  but  in  others  the  sizes  of  the  blocks  should 
be  proportional.  A  safe  rule  is  to  make  the  length  of 
the  block,  say,  about  three  times  the  thickness,  and  the 
width  one  and  a  half  times  ;  blocks  of  long  dimensions 
in  proportion  to  their  thickness  should  never  be  used, 
as  with  heavy  machines  with  a  reciprocating  motion, 
with  a  positive  stroke  or  dead  blow,  the  risk  of  breakage 
is  considerable.  Care  must  be  taken  that  the  masonry 
is  accurately  levelled,  and  set  as  near  perpendicular  to 
the  direction  of  the  stress  or  pressure  as  possible.  The 
top  blocks  of  stone  should  be  cramped  together,  and 
the  joints  filled  in  with  molten  lead.  The  horizontal 
mortar  joints  should  be  from  ^  to  f  inch  in  thickness, 
and  the  vertical  joints  about  y3_  inch.  These  various 
precautions  may  appear  to  some  to  be  slightly  unneces- 
sary, but,  as  excessive  vibration  and  stress  is  in  a  great 
measure  overcome  by  the  weight  and  solidity  of  the 
foundation,  the  framing  of  the  machine  being  as  far 
as  possible  combined  with  and,  so  to  speak,  made  in- 
tegral with  the  foundation,  this  can  hardly  be  so.  The 
quality  of  the  work  turned  out  and  the  longevity  of 
the  machine  depend  also  more  on  the  stability  of  the 
foundations  than  is  generally  imagined.  The  founda- 
tion bolts  should  be  of  strong  section,  and  the  plates  of 
ample  area.  The  bolts  should  pass  entirely  through  the 
masonry,  and  we  have  found  there  is  less  liability  to 
fracture  or  work  loose  by  any  sudden  strain  by  inter- 
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vening  a  piece  of  hard  wood  between  the  plates  and  the 
masonry.  Wood-working  machines  with  a  recipro- 
cating motion  should  never  be  placed  on  a  wooden 
floor,  except  those  of  the  verj  lightest  class,  and  even 
these  should  be  accurately  balanced.  In  constructing 
machines  with  a  reciprocating  motion  it  may  be  taken 
as  a  safe  rule  that  the  machine  framing  and  foundations 
should  be  made  as  solid  and  stable  as  possible,  whilst 
the  reciprocating  parts  should  combine  strength  with 
lightness.  In  machines  with  a  rotary  motion  and  the 
straining  forces  acting  horizontally  to  the  axis  of  motion, 
brick-work  or  timber  foundations  are  usually  sufficient, 
but  for  the  heaviest  class  of  machines,  such  as  rack-saw 
benches  or  planing  machines,  if  the  earth  foundations 
are  at  all  unsound,  concrete  or  rubble  masonry  are  to 
be  preferred;  but  for  aU  kinds  of  foundation  where 
great  strength  and  solidity  are  required  ashlar  masonry 
is  undoubtedly  the  best,  and  we  are  of  opinion  that  any 
reasonable  extra  cost  incurred  in  the  shape  of  perfect 
foundations  for  high-speeded  machines  is  more  than 
repaid  by  increased  steadiness  in  working  and  conse- 
quent improved  quality  of  output.  As  a  rule  of  course 
inferior  production  in  machines  with  a  rotary  motion  is 
directly  traceable  to  loose  bearings,  weak  spindles  or 
insecure  bearings,  improperly  sharpened  cutters  or  un- 
balanced cutter  blocks ;  but  it  cannot  be  denied  that, 
in  the  first  instance,  weak  or  insecure  foundations  con- 
tribute largely,  through  imperfectly  absorbing  the  stress 
or  vibration,  to  bring  about  some  of  these  results,  espe- 
cially in  machines  with  their  framings  put  together  in 
sections.  If  brick-work  foundations  are  used,  care 
should  be  taken  that  the  bricks  employed  are  hard 
and  well  burnt,  and  Portland  or  Roman  cement  only 
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should  be  used.  This  is  especially  necessary  in  damp 
situations,  as  some  classes  of  bricks  are  found  to  absorb 
a  considerable  amount  of  moisture,  and  this,  combined 
with  unequal  settling,  destroys  the  rigidity  and  stability 
of  the  masonry. 
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CHAPTEE  XXXY. 

SHAFTING    AND  GEARING. 

In  order  to  ensure  the  economic  transmission  of  power 
by  means  of  line  shafting  from  the  motor  to  the 
various  machines,  the  whole  of  the  shafting  should  be 
accurately  turned  and  fitted  at  a  dead  level,  in  bear- 
ings having  both  vertical  and  lateral  adjustment_,  and 
provided  with  efficient  means  of  lubrication.  All  pulleys 
should  be  turned,  rounded  somewhat  on  face,  and  per- 
fectly balanced.  The  shafting  should  be  speeded  to 
make  not  less  than  250  revolutions  per  minute,  and  all 
pulleys  therefore  should  be  accurately  proportioned  and 
all  superfluous  weight  of  metal  avoided. 

We  are  afraid  many  of  these  points  do  not  receive 
in  this  country  the  attention  they  deserve,  which  is 
in  striking  contrast  to  American  practice,  which  has 
worked  out  and  brought  them  to  a  considerable  degree 
of  perfection. 

Shafts  for  transmitting  power  to  different  parts  of 
a  building  were  at  one  time  constructed  of  wood  or 
cast  iron  ;  these,  however,  have  given  way  to  wrought 
iron,  or  in  some  cases  to  Bessemer  steel,  which  in 
shafts  of  small  diameter  has  the  advantage  of  addi- 
tional stiffness.  Line  shafting  is  subjected  to  con- 
siderable torsional  and  bending  strains,  but  more  espe- 
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cially  in  saw  mills,  where  the  speed,  number  of  pulleys, 
and  belt  tension  is  excessive.  This  should  be  borne  in 
mind  when  calculating  the  diameter  of  the  shafting  and 
the  centres  of  the  bearings  to  be  employed. 

In  arranging  shafting  for  a  mill,  the  first  length, 
which  receives  the  power  from  the  prime  mover,  should 
be  of  greater  diameter  than  the  remainder,  and  the 
bearings  placed  closer  together — say,  five  or  six  feet 
apart,  whilst  eight  or  nine  feet  apart  on  the  ordinary 
shafting  will  be  sufficient.  To  prevent  end  play,  a 
collar  should  be  fitted  against  the  bearings  at  either 
end  of  the  shaft.  The  driving  pulleys  on  which  there 
is  the  greatest  strain  should  be  placed  as  near  the 
bearings  as  possible,  to  avoid  any  chance  of  the  shaft 
springing,  should  any  undue  strain  be  put  upon  it. 

In  calculating  the  diameter  of  a  shaft  it  will  be 
found  much  better  to  err  on  the  side  of  strength,  as, 
should  a  shaft  spring  from  insufficiency  of  size,  the 
money  lost  in  stoppages,  lining  up,  &c.,  would  in  a  very 
short  period  pay  for  the  difference  in  first  cost. 

In  coupling  lengths  of  shafting  the  plan  of  using 
a  solid  sleeve  or  box  of  metal  keyed  to  the  shaft  is  still 
generally  adhered  to  in  this  country,  for  what  reason 
we  are  at  a  loss  to  see,  as  it  is  both  clumsy  and  incon- 
venient. 

A  very  light  and  convenient  form  of  coupling,  much 
used  in  the  United  States,  is  known  as  the  double- 
cone  vice  coupling,  originally  introduced  and  pa- 
tented, we  believe,  by  Messrs.  William  Sellers  and  Co., 
of  Philadelphia.  It  consists  of  a  cylindrical  barrel, 
which  couples  the  shafts.  The  inside  of  this  barrel  is 
turned  to  a  double  conical  form;  between  the  barrel 
and  the  shaft  are  fitted  two  sleeves,  the  outsides  of 
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which  are  conical  and  fit  the  box,  and  the  insides  are 
bored  to  fit  the  shaft.  These  sleeves  are  cut  completely- 
through  on  one  side,  and  are  made  to  close  concentri- 
cally upon  the  shaft  by  means  of  three  square  bolts 
fitted  in  slots  cut  into  the  sleeves  and  barrel,  and 
running  parallel  to  the  shaft.  These  couplings  have 
the  additional  advantage  of  being  easily  uncoupled  in 
the  centre  of  a  shaft  for  placing  or  removing  pulleys, 
without  the  great  trouble  of  drifting  keys,  as  in  the 
ordinary  box  coupling. 

All  bearings  should  have  a  perfectly  rigid  seat  and 
be  well  lubricated.  Yarious  plans  of  self-lubrication 
have  been  tried,  with  more  or  less  success.  Where 
belts  have  to  be  run  at  high  speeds,  especially  when 
over  small  pulleys  and  at  short  centres,  a  great  loss  of 
power,  increased  friction,  and  consequent  deterioration 
of  belts  is  occasioned  by  the  belts  slipping  on  the  face 
of  the  pulley.  To  obviate  this  powdered  resin  and 
various  other  substances  are  used  to  increase  the  grip 
of  the  belt,  but  these  have  the  disadvantage  of  having 
to  be  constantly  applied  and  at  the  same  time  destroy 
the  belt.  We  have  seen  recently  in  use  a  peculiarly 
prepared  paper,  which  is  cut  into  strips  the  width  of 
the  face  of  the  pulley  and  several  layers  cemented  on 
together.  On  the  pulley  of  a  dynamo-electric  machine 
on  which  we  saw  it  tried,  the  belt  ran  truer  than  on 
a  plain  pulley,  and  the  contact  of  the  belt  was  more 
uniform ;  a  steadier  light  was  consequently  produced. 
We  think  altogether  the  plan  of  covering  pulley-faces 
with  paper,  to  prevent  slipping  of  belts,  is  so  far  suc- 
cessful that  it  is  deserving  of  further  and  more  extended 
experiments  under  varying  conditions  to  determine  fully 

X  2 


3o8  WOOD-WORKING  MACHINERY. 

its  merits,  and  tlie  exact  gain,  if  possible,  in  power^ 
motion,  and  in  loss  of  friction,  accruing  from  its  use. 

A  flat  endless  band  of  indiarubber  and  canvas,  the 
face  nearest  tlie  pulley  being  unvulcanised,  can  also  be 
used  with  advantage  for  increasing  the  gripping  power 
of  the  belt.  It  should  be  made  of  less  radius  than  the 
pullej' — say,  about  one  inch  to  the  foot — stretched  on 
to  it  as  tight  as  possible,  and  cemented. 

With  a  view  of  reducing  friction  and  economising 
oil,  Mr,  A.  Barclay,  of  Kilmarnock,  in  1854  invented 
and  patented  an  improved  journal  and  bearing  for  hori- 
zontal shafts,  in  which  the  oil  would  be  repeatedly  re- 
used. This  was  carried  out  by  forming  the  bearings  to 
extend  considerably  beyond  the  collars  of  the  journal ; 
the  extended  ends  of  the  bearings  were  hollowed  out 
internally  to  form  oil  cups ;  the  oil,  supplied  from  the 
top  in  the  usual  way,  passed  over  the  frictional  surfaces, 
and  was  caught  in  the  annular  cups.  The  oil  was 
re-used  by  means  of  the  bearing  collars,  which,  as  they 
revolved,  caught  it  up  and  carried  it  to  the  top  bearing, 
part  of  the  inner  faces  of  which  were  inclined  upwards 
towards  the  centre,  leaving  a  way  for  the  oil,  which  was 
thus  redistributed  over  the  rubbing  surfaces.  Many 
modifications  of  this  plan  of  lubrication  have  been 
tried.  One  journal,  patented  by  Mohler,  has  a  bottom 
bearing  only,  which  is  divided  into  two  parts  by  a  collar 
on  the  spindle ;  the  lower  part  of  the  journal  is  made 
hollow,  and  forms  a  reservoir  for  the  oil,  into  which 
the  collar  dips,  and  as  it  revolves  it  re-distributes 
the  oil  to  the  bearing  on  either  side.  There  are  objec- 
tions, however,  to  this  plan  of  lubrication,  as,  after  the 
oil  has  been  used  some  time,  it  is  found  to  absorb  an 
excess  of  oxygen,  which  renders  it  comparatively  use- 
less. 
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A  self-lubricating  bearing  of  some  novelty  was 
patented  as  recently  as  1878  by  Messrs.  Chapman  and 
Sutton,  of  London.  In  their  invention  the  bearing  block 
is  recessed  to  form  an  oil  chamber.  A  narrow  roller  is 
mounted  in  this  recess,  having  its  lower  part  immersed 
in  the  oil  and  its  upper  part  in  contact  with  the  shaft 
through  an  opening  cut  in  the  bearing.  When  the 
shaft  revolves  the  smaller  roller  revolves  also,  thus  con- 
stantly bringing  the  oil  from  the  chamber  to  the  shaft 
as  long  as  the  motion  continues  ;  when  the  shaft  stops 
the  lubrication  ceases.  The  oil,  after  being  used  on  the 
bearing,  is  received  in  a  channel  and  conducted  back 
to  the  oil  chamber  for  re-using. 

Main  driving  pulleys  which  transmit  a  large  amount 
of  power  should  be  of  extra  strong  section,  and  in  some 
cases  should  be  constructed  with  double  arms.  All  loose 
pulleys  should  be  bushed  with  gun  metal  and  kept  well 
lubricated.  The  boss  of  the  loose  pulley  should  be  at 
least  twice  the  length  of  the  fast.  As  regards  lubrica 
tion,  we  have  seen  many  plans,  but  nothing  better  than 
the  old-fashioned  one  of  drilling  a  hole  through  the 
rim  of  pulley  and  boss,  and  fitting  into  it  a  piece  of  gas 
piping,  which  is  tapped  at  its  top  end,  and  a  flat-headed 
screw  let  in  flush  with  the  periphery.  Constant  care 
must  be  given  to  loose  pulleys,  or  considerable  trouble 
will  be  found  in  keeping  them  in  order.  Pulleys  made  of 
wrought  iron  have  come  somewhat  extensively  into  use 
of  late  years ;  they  possess  the  advantage  of  lightness 
and  strength  and  are  easily  fixed.  To  obviate  the  con- 
stant tension  of  the  belt  a  Mr.  Streit  patented  in  1877 
an  arrangement  of  making  the  fast  and  loose  pulleys  of 
varying  diameters,  the  loose  pulley  being  made  of  less 
diameter  than  the  fast.    The  belt  is  relieved  from  all 
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strain  whilst  running  on  it,  and  the  friction  on  the 
shaft  is  reduced  to  a  minimum,  being  that  only  engen- 
dered by  the  weight  of  the  belt.  The  belt  also  has 
time  to  recover  its  elasticity,  and  therefore  wears 
longer,  as  it  is  found  in  practice  that  when  a  belt  once 
reaches  the  limits  of  its  elasticity  it  very  rapidly  de- 
teriorates. The  plan  of  using  fast  and  loose  pulleys 
of  varying  diameters  cannot,  however,  be  considered 
altogether  novel.  In  stopping  and  starting  high-speeded 
machines  care  should  be  taken  that  the  belt  is  passed 
from,  the  loose  to  the  tight  pulley  very  gradually  by 
means  of  a  screw  or  some  similar  method,  as  the  shock 
occasioned  by  starting  a  heavy  machine  suddenly  is 
very  considerable,  and  is  decidedly  detrimental  to  the 
working  parts  of  the  machine. 

In  place  of  the  old-fashioned  form  of  clutch  coup- 
ling, which  is  open  to  many  objections,  we  can  confi- 
dently recommend  the  employment  of  a  friction  band  ; 
it  can  be  applied  to  pulleys  round  the  boss  of  the  wheel, 
the  pulley  in  the  first  place  being  fitted  on  a  flanged 
bush  or  sleeve  keyed  to  the  shaft.  The  friction  band 
is  split,  and  fitted  with  a  bolt  having  a  cam-shaped 
head,  which  engages  with  another  cam  on  the  friction 
band  ;  a  curved  lever  is  attached  to  this  bolt,  and  is  en- 
gaged by  a  cone  on  the  shaft ;  the  cone  is  grooved  and 
worked  by  a  shifting  lever,  and  when  moved  towards 
the  pulley  the  friction  band  is  contracted  round  the 
boss  of  the  wheel  and  carried  round  with  the  shaft,  or 
vice  versa. 

As  regards  to.othed  gearing  for  transmitting  motion, 
we  need  hardly  say  it  should  be  constructed  on  true 
mathematical  principles,  and  especial  care  should  be 
taken  that  the  wheels  are  moulded  very  accurately  and 
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the  right  amount  of  taper  given  to  the  teeth.  From  bad 
moulding,  warping  of  pattern,  or  carelessness  in  ma- 
chine moulding,  a  large  number  of  the  toothed  wheels 
turned  out  are  very  inferior.  The  teeth  are  often  allowed 
to  bear  on  each  other  on  one  side,  and  being  usually 
made  of  cast  iron,  constant  breakages  are  the  result  of 
any  sudden  strain.    In  practice  we  have  found  machine- 
moulded  wheels  to  be  the  most  accurate.    For  inter- 
mediate pinions  or  wheels  where  great  strength  is 
required  the  teeth  are  often  cut  from  the  solid  by  a 
machine,  but  the  great  extra  cost  precludes  their  use 
except  for  special  purposes.    Where  the  friction  is 
very  great  we  have  found  wheels  made  of  phosphor 
bronze  very  advantageous,  and  in  the  end  economical. 
A  mild  cast-steel  wheel  also  gives  very  good  results ; 
malleable  cast  iron,  although  found  to  vary  considerably 
in  its  quality  and  fibre,  and  consequent  resistance  to 
stress,  is  much  to  be  preferred  to  ordinary  cast  iron. 
In  small  wheels  and  pinions  where  additional  strength 
is  necessary  the  teeth  should  be  '  shrouded  '—that  is, 
the  teeth  are  all  joined  together  by  a  rim  of  metal  at 
their  outside  periphery,  which  will  add  to  their  strength 
some  40  per  cent,  or  more.    When  large  power  has  to 
be  conveyed  directly  from  one  shaft  to  another  in  close 
proximity,  mortise  or  cog  wheels  can  be  used  with  ad- 
vantage if  the  speed  required  is  not  too  great.  Wooden 
cogs  should  be  about  one-third  thicker  than  the  iron 
teeth  of  the  wheel  with  which  they  are  engaged  ;  they 
should  be  made  somewhat  shorter  and  thicker  at  the 
root  of  the  tooth  than  ordinary  wheels.    Care  should, 
however,  be  observed  in  shortening  the  teeth  that  the 
arc  of  their  contact  is  not  too  much  reduced.    In  prac- 
tice involute  teeth  are  found  stronger  than  cycloidal. 
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The  shorter  teeth  are  in  moderation,  and  the  thicker 
they  are  at  the  root  the  more  stress  they  will  bear.  In 
cycloidal  teeth  it  may  be  taken  as  a  safe  rule  that  the 
flanks  of  the  teeth  should  never  be  described  with  a 
rolling  circle  the  diameter  of  which  is  greater  than 
half  the  diameter  of  the  pitch  line  inside  which  it  is 
rolled,  and  it  is  found  that  the  smaller  the  diameter  of 
the  describing  circle  used  for  the  flanks  the  stronger 
the  teeth  are.  For  high-speeded  machinery,  where  the 
stress  and  friction  are  excessive,  toothed  wheels  should 
be  made  about  one-third  wider  on  the  face  than  for 
slow-running  machinery;  so  that  the  contact  of  the 
teeth  may  be  spread  over  a  considerable  surface,  ena- 
bling them  to  resist  successfully  the  increased  stress. 
Care  should  be  taken,  however,  that  the  teeth  are  not 
allowed  to  slide  one  against  the  other.  All  toothed 
wheels — say,  under  18  inches  diameter — where  the 
stress  is  very  severe,  such  as  the  intermediate  feed  gear 
of  planing  and  moulding  machines,  we  recommend  to  be 
made  solid.  We  ourselves  have  used  phosphor  bronze 
for  this  purpose,  and  have  found  the  vibration  lessened 
and  consequent  wear  of  the  wheel  much  improved.  In 
America  with  machines  of  this  class  it  is  the  practice 
to  make  the  intermediate  gear  to  work  expansively, 
thus  allowing  the  upper  feed  rollers  to  adapt  themselves 
to  the  irregularity  of  the  timber.  This  plan  lessens  the 
strain  considerably,  and  is  a  decided  improvement  on 
fixed  gearing.  In  comparing  belt  with  toothed  gearing 
for  transmitting  power,  the  balance,  except  under 
especial  circumstances,  is  in  favour  of  the  former,  as 
belt  gear  requires  less  motive  power  to  transmit  the 
same  effective  force ;  it  is  also  conveyed  more  evenly 
and  with  less  noise  and  vibration,  especially  if  the 
gearing  is  at  all  worn  or  badly  proportioned. 
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CHAPTER  XXXVI. 

BELT  GEARING. 

The  belts  employed  for  driving  wood-working  ma- 
cliinery  should  by  preference  be  made  of  leather,  except 
when  used  out  of  doors  or  where  likely  to  be  wetted, 
when  the  use  of  vulcanised  indiarubber  or  india- 
rubber  cloth  is  advantageous.  They  are  sometimes 
made  of  other  materials,  such  as  cotton ;  and  recently, 
at  the  International  Exhibition  held  in  Paris  (1878),  a 
belt  made  entirely  of  paper  supplied  motive  power  to 
some  twenty  wood- working  machines.  This  belt  was 
manufactured  by  an  American  firm,  and  was  known  as 
Crane's  patent  Japanese  paper  belt,  and  after  twelve 
months'  wear  it  appeared  in  capital  order.  It  is  claimed 
for  these  belts  that  they  are  less  in  first  cost  and  wear 
longer  than  leather.  This,  however,  we  are  not  in  a 
position  to  verify. 

In  1853  Mr.  W.  Paxton,  of  Johnstone,  introduced 
driving  bands  composed  of  a  series  of  cylindrical  cotton 
bands  or  cords  attached  together,  side  by  side  and 
rolled  flat,  giving  to  the  finished  band  a  transverse 
section  similar  to  that  of  leather.  This  form  of  band 
should  possess  a  large  amount  of  driving  power  and  be 
suitable  for  moderate  speeds. 

Leather,  from  its  strength,  pliability,  and  durability. 
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is  up  to  the  present  the  best  known  material  to  employ 
for  all  ordinary  machine  bands,  but  for  extra-wide 
main  driving  belts  vulcanised  indiarubber  is  used  and 
preferred  by  many.  It  has  the  advantage  over  leather 
of  lower  first  cost  and  greater  driving  power ;  but  it  is 
a  moot  question,  considering  the  difficulty  of  repairing 
by  unskilled  labour  and  other  points,  which  in  the  long 
run  is  most  economical  to  use.  For  narrow  belts,  or 
belts  that  are  obliged  to  be  run  at  short  centres  or  high 
velocities,  engendering  a  considerable  amount  of  heat, 
our  opinion  is  '  there  is  nothing  like  leather.' 

We  have  seen  in  use  some  of  Gaudy's  patent  driving 
belts,  made  of  American  cotton,  which  was  folded  and 
sewn  together  longitudinally,  and  saturated  with  some 
oily  composition,  Avhich  renders  them  proof  against 
water  or  change  of  temperature.  In  joining  them 
transversely  the  ordinary  jump-joinl^,  sewn  with  laces, 
was  used.  They  appeared  to  run  true  and  grip  the 
pulleys  well;  but  as  to  their  wearing  capabilities  we 
are  not  in  a  position  the  speak.  From  tests  made  by 
Kirkaldy,  of  London,  their  breaking  strain,  as  compared 
with  leather,  is  very  high.  Experiments  were  made 
on  belts  of  6  inches  in  width,  with  the  following 
results  : — Best  ordinary  leather,  breaking  strain  6,299 
lbs. ;  Helvetia  leather,  7,522  lbs.  ;  eight-ply  American 
cotton,  11,763  lbs.  As  these  cotton  belts  are  produced 
at  a  considerably  lower  first  cost  than  leather,  we  pur- 
pose taking  an  early  opportunity  of  testing  their  suit- 
ability for  driving  high- speeded  machinery. 

In  calculating  the  transmission  of  speed  by  means 
of  belts  allowance  must  always  be  made  for  the  '  slip ' 
and  deviation  of  the  belt,  but  more  especially  in  con- 
nection with  wood- working  machinery ;  running,  as  it 
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does,  at  high  speeds,  oftentimes  at  short  centres  and 
over  small  pulleys,  in  the  midst  of  dust,  which  renders 
the  leather  less  pliable,  the  '  grip '  or  driving  povyrer  of 
the  belt  is  considerably  lessened. 

The  strength  of  the  best  ox-hide  belts  used  for 
belting  has  been  calculated  at  about  3,086  lbs.  per  square 
inch  of  section.  This  is  reduced  at  a  riveted  joint  to 
1,747  lbs.,  and  to  960  lbs.  at  a  laced  point.  One-third 
of  these  figures  may  be  given  as  a  safe- working  tension. 
As  belts,  however,  vary  much  in  thickness,  the  following 
table  in  lbs.  per  inch  width  of  safe-working  tensions 
may  be  of  use  : — 


Thickness  of  Belt 

Working  Tension 

Thickness  of  Belt 

Working  Tension 

In. 

3 

16 
7 

32 
1 
4 

5 

¥ 

8 
7 

1(! 

Lbs. 
60 
70 
80 
100 
120 
140 

In. 

i 
1 
9 

16 

1 
11 

^§ 

4 

Lbs. 
160 
180 
200 
220 
240 

For  transmitting  power  in  high-speeded  machinery 
belts  should  be  made  about  one-third  wider  than  is  found 
necessary  in  machines  running  at  a  slow  speed,  and  the 
smooth  side  of  the  belt  should  run  next  the  face  of  the 
pulley.  All  belts  should  be  made  even  in  thickness 
and  neatly  joined,  and  the  driving  pulleys  accurately 
turned  and  rounded  on  face,  or  some  difiiculty  will  be 
found  in  making  the  belts  run  true.  Twisted  belts 
should  be  avoided  as  much  as  possible ;  but  if  it  is 
found  necessary  to  connect  by  belts  shafts  that  are  not 
parallel,  care  should  be  taken  that  the  belt  should 
always  be  in  the  plane  of  rotation  of  the  pulley  to 
which  it  is  approaching,  without  regard  to  the  retiring 
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side,  whicli  may  be  deviated  from  that  plane  without 
affecting  the  belt.  If  this  rule  is  borne  in  mind,  little 
trouble  by  belts  running  off  the  pulleys  will  be  expe- 
rienced. 

When  belts  are  required  of  a  greater  width  than  9 
inches,  a  double  belt  is  preferable  to  a  single  one  and  is 
found  to  run  truer. 

As  regards  joining  belts,  hooks,  malleable  toothed 
plates,  and  numerous  other  plans  have  been  introduced. 
Many  users,  however,  still  prefer  the  ordinary  plan  of 
lacing.  We  have  found  the  double  I  belt-fasteners, 
known  as  Green's  patent,  to  be  both  expeditious  and 
economical,  especially  for  narrow  belts,  where  the  tensile 
strain  is  not  great. 

We  have  recently  seen  some  endless  driving  bands 
formed  of  crucible  steel  wire  woven  into  a  network  or 
chain.  The  wires  are  arranged  to  run  parallel  to  the 
width  of  the  belt,  and  possess  great  flexibility  and 
driving  power,  and  will  run  with  ease  round  the 
smallest  pulley.  As  regards  their  economy  in  wear,  we 
cannot  speak  from  experience.  These  bands  are  also 
constructed  with  a  leather  or  elastic  lining,  to  prevent 
stretching,  which  plan  we  should  think  would  be  an 
advantage,  at  any  rate  for  high-speeded  machinery,  as 
the  friction  engendered  by  the  steel  wire  on  the  cast- 
iron  pulley  would  be  considerable,  and  the  consequent 
breakage  of  the  wire  from  expansion  and  contraction 
must  be  looked  for.  The  use  of  metals  for  driving 
bands  is  not,  hovever,  new,  as  in  1856  the  Earl  of 
Caithness  took  out  a  patent  for  constructing  driving 
bands  out  of  sheet  metal,  such  as  iron,  steel,  brass,  or 
composition  metals. 

The  following  '  hints,'  taken  from  the  '  Textile 
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Manufacturer,'  may  be  found  useful  to  users  of  machine 
"bands  : — 

Belts  stuffed  with  tanner's  dubbin  on  the  flesh  side 
will  become  as  smooth  all  over  as  the  hair  side,  and 
will  outlast  six  belts  which  are  run  on  the  hair  side 
exclusively. 

'  Three  times  the  adhesiveness  is  gained  by  softness 
and  pliableness  of  belting  leathers  over  those  which  are 
dry. 

'  Long  belts  are  preferred  to  short  ones,  but  care 
must  be  taken  that  the  length  be  not  too  great. 

'Horizontal,  inclined,  and  long  belts  give  a  much 
better  effect  than  vertical  and  short  ones,  and  those  that 
have  the  driving  side  below  than  otherwise. 

'Belts  of  coarse  loose  leather  will  do  better  service 
in  dry,  warm  places.  Tor  wet  or  moist  situations  the 
finest  and  firmest  leather  should  be  used. 

'Experience  says,  the  Lair  side  of  a  belt  put  next 
to  the  pulley  will  drive  34  per  cent,  more  than  the  flesh 
side. 

'  The  strongest  part  of  belt  leather  is  near  the  flesh 
side,  about  one-third  the  way  through  from  that  side. 

'  Leather  belts  must  be  well  protected  against  water, 
and  even  moisture. 

'  Short  belts  require  to  be  tighter  than  long  ones.  A 
long  belt,  working  horizontally,  increases  the  tension 
by  its  own  weight,  acting  in  the  curve  formed  between 
the  pulleys. 

'  Sufficient  care  is  seldom  taken  to  let  belts  run  free 
and  easy,  and  it  has  been  one  of  the  greatest  errors, 
more  or  less  prevalent  in  all  large  factories,  to  run  the 
belts  so  tense  as  greatly  to  injure  them  and  rapidly 
increase  the  wear  of  the  bearings. 
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'  In  many  instances  the  tearing  out  of  lace-holes  in 
often  unjustly  attributed  to  poor  belting,  when  in 
reality  the  fault  lies  in  having  a  belt  too  short,  and 
trying  to  force  it  together  by  lacing  ;  and  the  more  the 
leather  has  been  stretched  while  being  manufactured, 
the  more  liable  it  is  to  be  complained  of. 

'  To  obtain  the  greatest  amount  of  power  from  belts 
the  pulleys  should  be  covered  with  leather :  this  will 
allow  the  belts  to  be  run  very  slack,  and  give  25  per 
cent,  more  durability. 

'A  careful  attendant  will  make  a  belt  last  five  years 
which,  if  neglected,  might  not  last  one. 

'  It  has  been  found  in  practice  that  belts  must  not 
run  faster  than  30  feet  per  second,  nor  have  a  tension 
of  above  300  pounds  per  square  inch  of  section, 

'  The  friction  of  a  belt  is  double  on  wood  what  it  is 
on  cast  iron. 

'  Long  belts  are  less  liable  to  slip  than  short  ones. 

'  The  softer  woods  are  better  for  pulleys  than  the 
narder  kinds,  but  pear  wood  and  nut  tree  are  best  for 
cord-wheels.  Grease  must  not  be  put  on  wooden  wheels 
on  which  belts  run. 

'  Tightness  by  tightening  pulleys  must  be  applied  to 
the  slack  side  of  belts. 

'  The  belts  should  be  cut  from  the  centre  of  the  skin. 

'  Thickness  of  belt  does  not  always  give  strength. 

'  If  too  great  a  distance  is  attempted^  the  weight  of 
the  belt  will  produce  a  very  heavy  "  sag,*'  drawing  so  hard 
on  the  shaft  as  to  produce  great  friction  in  the  bear- 
ings, while  at  the  same  time  the  belt  will  have  an  un- 
steady flapping  motion,  which  will  destroy  both  the 
belt  and  the  machinery. 

'  The  connected  shafts  should  never,  if  it  can  be 
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avoided,  be  placed  one  directly  over  the  other,  as  in  such 
case  the  belt  must  be  kept  very  tight  to  do  the  work. 

'  It  is  also  desirable  to  locate  the  shafting  and  ma- 
chinery so  that  belts  shall  run  off  from  each  other  in 
opposite  directions,  as  this  arrangement  will  relieve  the 
bearings  from  the  friction  that  would  result  were  the 
belts  all  to  pull  one  way  on  the  shaft. 

'  If  possible,  the  machinery  should  be  so  planned 
that  the  direction  of  the  belt  motion  shall  be  from  the 
top  of  the  driving  to  the  top  of  the  driven  pulley. 

In  punching  a  belt  for  lacing,  it  is  desirable  to  use 
an  oval  punch,  the  longer  diameter  of  the  punch  being 
parallel  with  the  belt,  so  as  to  cut  out  as  little  of  the 
effective  section  of  the  leather  as  possible. 

'  Begin  to  lace  in  the  centre  of  the  belt,  and  take 
much  care  to  keep  the  ends  exactly  in  line,  and  to  lace 
both  sides  with  equal  tightness.  The  lacing  should  not 
be  crossed  on  the  side  of  the  belt  that  runs  next  to  the 
pulley. 

'Never  add  to  the  work  of  the  belt  so  much  as  to 
overload  it. 

'A  good  leather  belt,  1  inch  wide,  has  sufficient 
strength  to  lift  1,000  pounds. 

'  Waiev^roof  Glue. — Fine  shreds  of  indiarubber  dis- 
solved in  a  warm  copal  varnish  make  a  waterproof 
cement  for  wood  and  leather. 

'  To  Preserve  Leather  from  Mould. — Pyroligneous  acid 
may  be  used  with  success  in  preserving  leather  from 
the  attacks  of  mould,  and  is  serviceable  in  recovering 
it  after  it  has  received  that  species  of  danger,  by  pass- 
ing it  over  the  surface  of  the  hide  or  skin,  first  taking 
due  care  to  remove  the  mouldy  spots  by  the  application 
of  a  dry  cloth. 
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'  Castor  Oil  as  a  Dressing  for  Leather. — Castor  oil, 
besides  being  an  excellent  dressing  for  leather,  renders 
it  vermin-proof.  It  should  be  mixed— say,  half  and 
half— with  tallow  or  other  oil.  Neither  rats,  roacheg, 
nor  other  vermin  will  attack  leather  so  prepared. 

'  How  Glue  should  he  made  to  Fasten  Leather  to  Iron,  in 
order  to  cover  Iron  Pulley s.~l  part  of  crushed  nut-galls 
is  digested  6  hours  with  8  parts  of  distilled  water  and 
strained.  Glue  is  macerated  in  its  own  weight  of  water 
for  24  hours  and  then  dissolved.  The  warm  infusion 
of  galls  is  spread  upon  the  leather,  the  glue  solution 
upon  the  roughened  surface  of  the  warm  metal;  the 
moist  leather  is  pressed  upon  it  and  then  dried.  Use 
wider  belts  or  larger  pulleys  if  the  adhesion  is  insuffi- 
cient. It  is  a  good  plan  to  wash  the  worn  surface  of 
rubber  belts  with  soap  and  water.' 
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WOOD. 

In  sb  work  of  this  class  it  may  not  be  out  of  place  to 
notice  briefly  the  woods  which  are  chiefly  converted  by 
machinery  into  articles  of  daily  commerce. 

Eesinous  woods  are  those  most  chiefly  used,  fore- 
most amongst  which  is  the  red  or  yellow  pine,  the  best 
of  which  comes  from  the  north  of  Europe,  notably  the 
Eiga,  Norway,  and  Memel.  These  trees  are  felled  with- 
out discrimination,  the  best  timber  being  selected  for 
deals,  and  the  remainder  being  converted  into  battens, 
mining  timber,  poles,  fire  wood,  &c.  When  used  as 
beams,  fir  should  be  sawn  longitudinally  to  test  its 
soundness.  For  mouldings  and  joiners'  work  seasoned 
American  white  or  yellow  pine  is  well  adapted.  The 
best  is  shipped  from  Quebec.  A  large  quantity  of  pine 
of  good  quality,  generally  known  as  Board  and  Waney 
pine,  is  shipped  from  various  Canadian  ports. 

Norway  spruce  or  white  deal  is  chiefly  used  for 
poles,  ladders,  and  masts.  Eussian  red  wood  is  used 
for  lath  wood  in  large  quantities.  Canadian  pitch  pine 
is  chiefly  used  for  deck  planking  or  conveying  water. 
The  whole  of  the  varieties  of  the  Finns  family  are  easily 
converted  by  machinery.  When  sawn,  saws  with  large 
teeth  and  coarse  pitch  should  be  used.    The  ordinary 
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gullet  or  briar  tooth  is  as  suitable  as  any.  In  sawing 
pitch  pine  a  coarser  set  must  be  put  on  the  saw,  owing 
to  the  increased  friction  arising  from  the  tenacious, 
clinging  properties  of  the  resin.  The  saw  blade  should 
also  be  well  greased. 

Amongst  the  other  resinous  woods  must  be  men- 
tioned cedar.  This  wood  is  largely  used  for  cabinet 
work.  It  is  grown  chiefly  in  Spain  and  the  Levant. 
Eed  cedar  is  a  native  of  the  West  Indian  islands  and 
North  America.  This  wood  is  even  in  the  grain  and 
readily  worked,  but  is  apt  to  split  unless  care  is  taken ; 
for  cutting  cedar,  a  saw  with  a  moderately  fine  gauge, 
pitch,  and  space  should  be  used.  We  have  found  a 
peg-toothed  saw  very  suitable. 

Amongst  the  hard  woods  generally  used  oak,  ma- 
hogany, ash,  elm,  teak,  and  walnut  take  first  rank. 
Oak  is  the  most  durable  of  all  woods,  and  one  of  the 
hardest.  English-grown  oak  is  unequalled  for  strength 
and  durability,  but  fine  oak  timber  is  also  imported 
from  Eussia  and  America. 

Mahogany  is  much  used  for  all  kinds  of  furniture 
work.  It  is  obtained  chiefly  from  Domingo,  Honduras, 
and  Cuba.  English  ash  is  chiefly  used  in  wheelwrights' 
and  agricultural  implement  works.  It  is  long  in  the 
grain  and  very  tough  and  elastic.  English  elm  is  hard 
and  tough,  and  difi&cult  to  work.  It  stands  well  in 
water,  and  is  used  considerably  in  ship-building,  pump 
work,  wheelwrights'  work,  &c.  In  sawing  these  woods 
the  gullet  or  mill-saw  teeth,  arranged  with  a  diminished 
space  and  nearly  upright  pitch,  should  be  used.  Beech 
should  not  be  used  for  work  exposed  to  air  and  moisture, 
as  it  will  rapidly  deteriorate.  For  tropical  climates 
fustic  is  found  to  stand  well.    Various  processes  of 
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seasoning  wood  by  desiccation  and  other  means  have 
been  tried,  but  nothing  is  found  equal  to  the  exposure 
of  the  wood  to  the  atmosphere.  When  used  for  in- 
terior work,  it  should  be  kept  for  at  least  three  years. 
Wood  suffers  decomposition  from  excessive  heat,  or  if 
exposed  to  a  humid  a.tmosphere  ;  but  if  buried,  and  the 
air  entirely  excluded,  its  decomposition  is  slow.  Dry 
air  does  not  seem  to  affect  it. 

The  proper  time  and  manner  of  felling  trees,  when 
they  are  at  their  prime  for  conversion,  is  a  special 
business,  and  requires  a  special  knowledge,  that  can 
only  be  gained  by  experience.  In  most  timber-pro- 
ducing countries  trees  of  all  sizes  are  at  present  felled 
indiscriminately,  but  this  pernicious  system  will  doubt- 
less in  the  course  of  years  have  its  effect.  We  need 
hardly  say  that  any  tree  showing  incipient  signs  of 
decay  should  be  immediately  felled,  as  its  commercial 
value  will  then  rapidly  decrease.  The  proper  time  for 
felling  trees  depends  in  a  great  measure  on  their  genus  ; 
winter  or  summer  is  generally  to  be  preferred,  the 
timber  being  then  less  full  of  sap,  Eesinous  trees  are 
best  felled  in  summer,  other  trees  in  winter,  except  oak 
or  those  from  which  the  bark  has  to  be  stripped,  in 
which  case  early  spring  is  found  the  most  suitable,  as 
the  bark  will  then  peel  most  easily.  The  bole  of  the 
tree  should  always  be  severed  as  near  the  ground  as 
possible.  Although  several  attempts,  with  more  or  less 
success,  have  been  made  to  fell  trees  by  mechanical 
means,  the  difficulties  of  situation,  transport,  and  eco- 
nomical manipulation  have  hitherto  prevented  much 
progress  being  made  in  thus  superseding  the  art  of  the 
woodman.  From  experiments  it  has  been  found  that 
the  wood  immediately  surrounding  the  heart  of  the 
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tree  is  the  weakest,  and  this  weakness  increases  with 
the  age  of  the  tree.  The  woody  fibres  next  the  bark 
are  also  weaker  than  the  rest,  the  strength  of  the 
timber  gradually  increasing  from  the  heart  outwards. 
Moisture  in  timber  weakens  it  considerably,  and  its 
crushing  resistance  is  found  to  be  little  more  than  one- 
half  of  what  it  is  when  dry. 

Experience,  of  course,  can  be  the  only  sure  guide  as 
to  the  condition,  strength,  or  value  of  timber;  ill- 
conditioned  timber  can,  however,  generally  be  distin- 
guished by  a  looseness  and  woolliness  of  the  fibre  and 
a  clogging  of  the  teeth  of  the  saw ;  when  cut  it  also 
presents  a  white,  floury  appearance.  The  timber  used 
for  joinery  purposes  and  conversion  into  mouldings,  &c., 
should  be  as  sound  and  dry  as  possible.  If  it  is  neces- 
sary to  season  the  timber  artificially,  what  is  known  as 
the  hot-air  method  is  generally  considered  the  best. 
This  consists  in  confining  the  timber  in  a  chamber,  and 
subjecting  it  to  a  current  of  hot  air  forced  through  the 
chamber  by  means  of  a  fan.  It  is  necessary  to  vary  the 
temperature  of  the  hot  air  according  to  the  kind  and 
size  of  timber.  The  following  have  been  found  the 
most  suitable  drying  heats  : — 

Oak,  the  temperature  should  not  exceed  105°  Fahr. 
Leaf  woods      ....    90°  to  100°  „ 
Pine  woods,  in  deals  and  upwards       .  120°  „ 
„         in  thin  boards       .  180°  to  200°  „ 
Mahogany  do.        .       .  280°  to  300°  „ 
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CIECULAE  AND  STRAIGHT  SAWS. 

In  connection  with  the  productive  efficiency  of  wood- 
working machinery  the  proper  selection,  sharpening, 
and  manipulation  of  the  cutting  tools  employed  is  a 
point  of  the  utmost  possible  importance,  as,  no  matter 
how  well  designed  or  constructed  a  machine  may  be, 
unless  the  tools  employed  are  exactly  suitable  to  the 
work  to  be  performed,  are  made  of  material  of  the 
highest  quality,  and  are  tempered  and  sharpened  to 
the  most  correct  cutting  angle,  the  production  of  the 
machine  is  in  every  way  unsatisfactory,  the  work 
turned  out  being  less  in  amount  and  the  quality  in- 
ferior, whilst  the  force  expended  to  produce  it  is 
greater. 

As  being  the  most  general  and  important  cutting 
instrument  employed  in  the  conversion  of  wood,  we  will 
first  consider  the  saw.  Saws  may  be  divided  into  three 
classes — viz.  (1)  reciprocating  or  mill  saws,  (2)  rotary 
or  circular  saws,  (3)  endless  band  or  ribbon  saws. 
Another  form  of  saw  is  known  as  the  cylinder  saw,  but 
this  form  is  rarely  used.  On  the  gauge,  shape  of  tooth, 
and  '  set '  of  the  saw  best  adapted  to  perform  certain 
work  a  great  diversity  of  opinion  exists,  English,  Conti- 
nental, and  American  practice  on  these  points  differing 
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considerably.  No  fixed  rule  can,  however,  be  laid  down, 
as  all  these  points  must  depend  on  the  nature,  quality, 
and  condition  of  the  material  operated  on.  An  immense 
variety  exists  in  the  shape  of  the  teeth  employed ;  the 
best  known  are  the  peg,  gullet,  fleam,  mill  saw,  hand 
saw,  hog  mane,  dog,  parrot  bill,  bird  tail,  hook,  and 
American  tooth.  The  first  four  mentioned  are  those 
chiefly  employed  in  this  country.  In  cutting  or  ripping 
with  a  circular  saw  soft  woods,  such  as  pine,  with  the 
grain  of  the  wood,  the  teeth  of  the  saw  should  be  set 
farther  apart,  and  the  pitch  or  rake  and  set  of  the  teeth 
should  be  considerably  coarser  than  for  hard  wood.  If 
a  line  is  dravm  through  the  points  of  the  teeth  the 
angle  formed  by  the  face  of  the  tooth  with  this  line 
should  be,  for  cutting  soft  woods,  about  65°  to  70°,  and 
for  cutting  hard  woods  about  80°  to  85°.  The  angle 
formed  by  the  face  and  top  of  the  tooth  should  be 
about  45°  to  50°  for  soft  wood,  and  65°  to  70°  for  hard. 
It  will  thus  be  seen  that  the  angle  of  the  tooth  found 
best  for  cutting  soft  wood  is  much  more  acute  than  for 
hard  ;  these  figures  are,  however,  given  approximately, 
and  should  be  modified  according  to  circumstances. 

The  action  of  the  saw  when  operating  with  the 
fibre  of  the  wood  may  be  regarded  as  chiefly  a  splitting 
one,  the  revolving  saw-teeth  acting  like  a  series  of  small 
wedges  driven  into  and  separating  the  longitudinal 
fibres  of  the  wood. 

Some  saw  teeth  of  American  origin  are  very  extra- 
ordinary in  form,  and  the  advantages  gained  by  thus 
shaping  them  are  not  always  obvious. 

Mr.  Peter  Cook,  an  American,  took  out  a  patent 
some  twelve  years  since  for  improvements  in  the  shape 
of  saw  teeth.    According  to  this  invention  the  teeth 
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are  made  of  a  rectangular,  or  nearly  a  rectangular, 
form,  the  tops  of  the  said  teeth  being  bevelled  to  form 
a  cutting  edge  throughout  their  entire  length.  The 
cutting  edge  of  each  tooth  coincided  with  the  line  of 
motion  of  the  saw,  and  such  cutting  edge  may  be  of 
equal  length  to  its  base.  The  bevel  of  each  tooth  was 
on  the  opposite  side  to  the  next  one,  and  the  teeth  may 
be  set  in  the  ordinary  way,  the  set  or  deflection  being 
on  the  opposite  side  to  the  bevel  of  the  tooth.  If 
desired  the  ordinary  clearing  tooth  may  be  employed 
at  suitable  intervals  along  the  saw.  The  principal  ad- 
vantages claimed  to  be  derived  from  this  construction 
of  saws  are  smoothness  left  on  the  cut  surfaces  of 
the  wood,  the  freedom  with  which  they  pass  through 
the  material  operated  upon,  and  the  capability  of 
cutting  equally  well  in  both  directions. 

We  may  here  remark  it  is  of  the  greatest  import- 
ance that  the  steel  used  for  the  manufacture  of  saws 
and  cutters  should  be  of  the  highest  possible  quality ; 
any  advantage  that  may  be  obtained  in  lower  first  cost 
in  purchasing  a  second  quality  is  immediately  thrown 
away  in  extra  loss  of  time  in  sharpening,  inferior 
work,  &c. 

In  sawing  resinous  woods,  such  as  pitch  pine,  the 
teeth  of  the  saw  should  have  a  considerably  coarser 
'  set '  and  space  than  for  hard  woods.  For  sappy  woods 
saws  with  longer  and  sharper  teeth  should  be  used. 

Before  sharpening  a  circular  saw  it  should  be  made 
perfectly  round ;  this  can  best  be  done  by  placing  the 
saw  on  the  spindle  and  running  down  the  points  of  the 
teeth  by  means  of  a  hard  piece  of  stone.  It  is  im- 
portant that  the  cutting  angles  and  the  tops  and  faces 
of  the  teeth  should  be  bevelled  exactly  alike ;  the  gullets. 


328  WOOD-WORKING  MACHINERY. 

too,  should  be  of  even  depth,  as  the  saw  will  work  more 
freely  and  with  less  power  than  if  the  teeth  are  allowed 
to  get  short  and  stumpy.  The  use  of  a  revolving  emery 
disc  for  saw-sharpening  and  gulleting  has  the  addi- 
tional advantage  of  doing  away  with  the  old-fashioned 
plan  of  punching  out  the  teeth,  which  generally  springs 
the  saw  plate  and  necessitates  the  re-hammering  of  the 
saw.  In  the  manufacture  of  saws  the  steel  plates  used 
are  hammered  true,  which  is  an  operation  requiring 
a  considerable  amount  of  skill  to  perform  properly, 
and  afterwards  ground  on  a  face  plate.  We  have 
recently  seen  working  some  circular  saws  of  American 
manufacture,  which,  we  were  informed,  instead  of  being 
hammered  were  pressed  true  by  machines  of  immense 
power.  They  certainly  performed  their  work  very  cleanly 
and  with  a  minimum  amount  of  friction.  If  the  process 
of  hammering  can  be  dispensed  with  in  favour  of  some 
mechanical  method,  the  result  should  be  in  every  way 
advantageous,  as  the  saw  would  run  truer  and  with  less 
power,  the  indentations  necessarily  left  in  the  saw  from 
hand  hammering,  notwithstanding  the  grinding  process, 
being  entirely  done  away  with.  In  working  circular 
saws  successfully,  in  addition  to  the  shape  of  teeth  most 
suitable  to  the  work,  the  gauge  of  the  saw,  and  the 
speed,  much  depends  on  the  efficient  '  packing '  of  the 
saw  blade.  In  America,  where  timber  is  plentiful, 
little  is  done  in  this  direction ;  the  consequence  is  saws 
of  much  stouter  gauge  have  to  be  used,  resulting  in  a 
consequent  loss  of  power  and  material.  Considering  the 
great  progress  in  wood- working  machinery,  we  cannot 
conceive  how  American  engineers  still  adhere  to  this 
very  wasteful  conservatism.  The  plan  for  guiding  the 
saw  generally  pursued  in  this  country  is  to  screw 
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pieces  of  wood — mahogany  is  suitable,  as  it  retains 
well  in  its  fibres  any  lubricants  employed — to  the 
*  finger  plate '  and  below  tbe  saw  table  on  either  side, 
and  running  immediately  parallel  and  close  to  the  saw ; 
the  wood  is  rebated  to  allow  hemp,  gasket,  or  other 
fibrous  material  charged  with  lubricating  matter  to  be 
packed  in  tightly  to  lubricate  the  saw,  which  is  espe- 
cially necessary  when  sawing  hard  or  resinous  wood. 
This  method  of  packing  was  introduced  by  Holland  about 
the  year  1842,  and  has  been  in  use  ever  since.  Some 
makers  construct  especial  packing  boxes  for  holding 
the  oily  material,  so  arranged  that  it  can  be  replenished 
with  oil  as  required.    To  ensure  steadiness  in  running 
and  prevent  '  buckling,'  saws  should  be  packed  at  both 
the  back  and  front.  A  plan  of  '  packing '  pursued  by  M. 
Arbey,  of  Paris,  and  shown  by  him  in  the  International 
Exhibition  of  1878,  is  deserving  of  notice.    On  either 
side  of  the  saw,  and  let  into  the  top  of  the  bench, 
were  fitted  transversely  four  set  screws,  which  were 
adjustable  to  the  gauge  of  the  saw.    Into  the  centre  of 
each  of  these  screws  was  fitted  a  piece  of  hard  wood, 
which,  when  the  screws  are  tightened  up,  presses  against 
and  guides  the  blade.    Exhibited  also  in  the  French 
section  by  Messrs.  Gerard,  of  Paris,  was  Ganne's  patent 
saw  guard  and  guide.    This  consists  of  a  narrow  cast- 
iron  box  made  in  the  form  of  a  half-circle,  inside  which 
the  periphery  of  the  saw  runsi    This  box  or  chamber 
is  suspended  over  the  saw  from  an  arm  fitted  to  one 
side  of  the  saw-bench  framing,  and  is  made  adjustable 
to  saws  of  varying  diameters.  Set  screws  fitted  through 
the  box  on  either  side  of  the  saw  act  as  guides. 

In  packing  circular  saws  care  should  be  taken, 
when  oiled  gasket  is  used,  that  it  is  fitted  evenly  on 
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either  side  of  the  front  half  of  the  saw,  so  that  the 
friction  and  consequent  expansion  and  contraction  of 
the  saw  blade  may  be  perfectly  uniform.  These  small 
points  are,  however,  often  neglected,  the  result  being  that 
the  saw,  especially  if  of  thin  gauge,  runs  out  of  truth 
without  any  apparent  cause.  Other  reasons  there  are, 
however,  which  cause  saws  to  run  out  of  truth,  amongst 
which  may  be  named  saws  of  too  thin  a  gauge  for  the 
work,  irregular  setting  or  improper  form  of  tooth  em- 
ployed, insufficiency  of  clearance  for  sawdust,  too  rapid 
a  feed,  or  a  saw  blade  of  too  mild  a  temper. 

For  all  ordinary  purposes  of  sawing  the  gauges 
given  herewith  will  be  found  suitable ;  but  for  special 
purposes,  or  special  kinds  of  wood,  they  can  be  in- 
creased or  decreased,  as  experience  directs. 


Diameter  of  Circular 
Saw  in  Inches 

B.W.  Gauge 

Diameter  of  Circular 
Saw  in  Inches 

B.W.  Gauge 

12 

17 

50 

8 

14 

17  t. 

52 

8 

16 

16 

54 

7 

18 

15 

56 

7 

20 

14 

68 

6 

22 

14  t. 

60 

6 

24 

13 

62 

6 

26 

IB 

64 

6  f. 

28 

12 

66 

6  f. 

30 

12 

68 

5 

32 

12 

70 

5 

34 

12  t. 

72 

5 

36 

11 

74 

5 

38 

11 

76 

5 

40 

11  t. 

78 

5 

42 

10  e. 

80 

5  f. 

44 

10 

82 

5  f. 

46 

9  e. 

84 

5  f. 

48 

9 

t.  signifies  tight,  e.  easy,  f .  full. 


The  straight  or  mill-saw  webs  used  in  machines 
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with  a  reciprocating  motion  can  be  worked  of  a  much 
thinner  gauge  than  circular  saws.  For  ordinary  use 
the  following  are  suitable  : — 

Saws  up  to  3  feet  6  inches  long,  15  gauge. 

Saws  4  feet  long,  15  gauge  full. 

Saws  from  4  feet  to  5  feet  6  inches  long,  14  gauge. 

Saws  6  feet  long,  14  gauge  full. 

Saws  from  6  feet  6  inches  to  7  feet  long,  13  gauge. 

As  regards  sharpening  and  setting  the  teeth  of  saws, 
much  has  been  written  ;  the  usual  practice  is  to  bend 
by  means  of  a  saw-set  the  teeth  alternately  to  the  right 
and  left.    Many  practical  men  prefer  to  set  their  saws 
by  means  of  a  blow  given  by  a  hammer  or  punch,  as 
the  teeth  stand  to  their  work  better  and  require  less 
frequent  setting,  it  being  found,  especially  with  thin- 
gauge  saws,  that  the  teeth  have  a  constant  tendency  to 
assume  their  original  position.    In  setting  saws  of  a 
stout  gauge  and  hard  temper  with  a  hammer,  consider- 
able care  must  be  exercised  to  prevent  fracture;  the 
best  plan  we  are  acquainted  with  for  setting  circular 
saws  is  to  fit  the  saw  horizontally  on  a  stud  fitted  in  a 
wooden  frame  having  a  transverse  movement.    A  small 
steel  anvil  with  a  bevelled  face  should  be  placed  at  one 
end  of  the  frame,  and  the  saw  traversed  backwards  or 
forwards  for  the  teeth  to  overla.p  the  anvil  centre  the  dis- 
tance of  the  set  required.    For  setting  a  series  of  smart 
fight  blows  in  preference  to  one  heavy  one  should  be 
given,  and  the  teeth  set  a  little  coarser  than  is  abso- 
lutely required  in  work.    Some  users  file  and  set  the 
teeth  of  their  circular  saws  in  triplets,  the  first  tooth 
with  a  bevel  to  the  right— the  second  remains  straight — 
and  the  third  with  a  bevel  to  the  left.    We  are  at  a 
loss  to  see,  however,  any  especial  advantage  in  this 
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plan.    Occasionally  also  saws  are  used  with  the  body 
of  the  blade  deflected  from  the  plane  of  its  cutting 
edge.   This  plan  is  said  to  give  greater  stiffness  and  in- 
creased cutting  power  to  the  saw.    In  America  many 
saws  are  constructed  with  false  teeth,  dove-tailed  into 
the  periphery.    The  advantages  claimed  for  this  plan 
IS  that  the  teeth  are  easily  renewable  when  worn  out, 
and  that  the  centre  of  the  saw  may  be  made  with  a 
steel  of  inferior  quality.    A  somewhat  novel  method  of 
inserting  false  saw  teeth  has  recently  been  patented  by 
Mr.  Frederick  Schley,  of  New  York.    It  consists  of  a 
circular  holder  made  in  two  parts,  hinged  together, 
grooved  around  its  edge,  and  fitted  to  a  circular  notch 
at  the  root  of  the  saw  tooth.    The  saw  plate  is  made 
with  a  Y-shaped  edge,  which  fits  the  periphery  of  the 
holder.    A  space  is  left  between  the  hinged  portions  of 
the  holder  to  receive  the  tooth,  and  there  is  a  notch  for 
receiving  the  small  projection  at  the  root  of  the  tooth. 
This  prevents  the  tooth  from  drawing  out,  and  it  is 
prevented  from  lateral  motion  by  a  groove  in  the  tooth 
and  a  Y-shaped  edge  on  the  holder  and  saw  plate. 
Much  ingenuity  has  been  expended  in  this  direction, 
but  we  are  at  a  loss  to  see  any  particular  advantage 
when  we  consider  that  with  false  teeth  it  is  necessary 
to  use  saws  of  stouter  gauge,  the  friction  in  using  is 
greater,  consequently  the  power  required  to  drive  is 
more.    They  are  seldom,  if  ever,  used  in  this  country, 
their  use  being  almost  entirely  confined  to  the  United 
States.    To  lessen  the  labour  in  gulleting,  circular 
saws  are  sometimes  made  with  a  series  of  round  holes 
punched  through  the  plate  from  the  root  of  the  gullet 
towards  the  centre  of  the  saw;  this  certainly  lessens 
considerably  the  labour  required  in  sharpening,  espe- 
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cially  if  done  by  hand,  and  should  prevent  expansion, 
but  we  should  imagine  the  friction  must  be  somewhat 
increased.  Where  many  thin  boards  of  valuable  woods 
have  to  be  sawn  on  a  saw  bench, '  ground-off'  saws — that 
is,  those  which  are  bevelled  on  the  one  side,  i.e.  the 
gauge  reduced  from  near  the  centre  to  the  periphery — 
should  be  used. 

Cross-cutting  saws,  or  those  used  for  severing  the 
fibres  of  the  wood  transversely,  differ  essentially  in 
the  forms  of  the  teeth  employed  and  the  method  of 
sharpening.  The  fibre  of  the  wood,  when  severed  across 
the  grain,  is  comparatively  unyielding,  and  the  teeth 
of  the  saw  meet  with  much  more  resistance,  and  it  is 
found  necessary  to  make  the  teeth  considerably  more 
upright,  and  more  acute  or  lancet-shaped  in  their  form, 
than  for  cutting  with  the  grain.  The  faces  of  the  teeth 
should  be  sharpened  to  a  keen  edge,  and  for  hard  wood 
filed  well  back,  so  that  in  work  they  may  have  a  direct 
cutting  action,  similar  to  a  number  of  knives.  Care 
should  also  be  taken  that  the  teeth  are  made  of  suffi- 
cient depth  to  afford  a  free  clearance  for  the  sawdust. 

Most  of  the  points  to  be  borne  in  mind  as  regards 
the  shape,  pitch,  and  set  of  the  teeth  of  circular  saws 
apply  equally  well  to  straight  saws  with  a  reciprocating 
motion.  In  these  machines,  owing  to  the  slower  rate 
of  feed  and  the  number  of  blades  employed,  saws  of  a 
considerably  thinner  gauge  can  be  used.  A  considerable 
saving  in  power  and  material  is  thus  effected.  Recip- 
rocating saws  with  a  double  cut — that  is,  one-half  of 
the  saw  teeth  were  included  in  one  direction  from  the 
centre  of  the  blade,  and  the  other  half  in  the  opposite 
direction — were  invented  some  years  since  by  a  Mr. 
Davis. 
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Mill-web  saws  are  in  America  occasionally  made  in 
sections,  and  a  patent  for  improvements  in  this  direc- 
tion has  recently  been  taken  out  by  Mr.  C.  H.  Hubbard, 
of  Pittsburg.  His  improvements  consist  in  forming 
the  saw  in  sections  arranged  longitudinally,  edge  to 
edge,  the  front  section  being  the  cutting  edge  of  the 
saw  and^  the  back  section  a  plain  blank.  By  this  ar- 
rangement it  is  claimed  that  a  much  narrower  cutting 
section  is  used,  thus  reducing  the  friction  and  the  first 
cost  of  the  blade,  and  also  allowing  it  to  be  more  easily 
tempered  or  removed  from  the  frame  without  disturbing 
the  strain  of  the  blank  sections,  which  can  be  used  with 
other  sets  of  cutting  sections. 

All  mill-web  or  straight  saws,  either  long  or  short, 
should  be  ground  thinner  towards  the  back  of  the  saw. 
Care  should  be  taken  that  they  are  made  perfectly  true, 
and  flat  and  uniform  in  toothing  and  temper. 

Saws  formed  in  this  fashion  require  less  set,  and 
work  with  considerably  less  friction ;  their  first  cost, 
however,  is  slightly  increased.  In  fixing  straight  saws 
in  their  swing  frame,  care  should  be  taken  that  they 
are  arranged  with  the  amount  of  '  lead '  or  '  rake  '  best 
suited  to  the  wood  they  are  intended  to  cut.  In  sawing 
some  classes  of  green  timber,  in  which  the  fibres  are 
long,  considerable  trouble  is  sometimes  experienced  in 
preventing  them  clinging  to  and  so  increasing  the 
friction  of  the  saw  that  it  becomes  more  or  less  choked 
and  the  blade  '  buckled.'  To  obviate  this  Mr.  Thomas 
Greenwood,  of  Leeds,  proposed  some  years  back  so  to 
construct  the  frame  that  the  saw  blades  were  drawn 
back  after  the  completion  of  each  stroke,  so  that  the 
saw  teeth  might  clear  the  Avood  during  the  ascent  of  the 
swing  frame.   This  could  possibly  be  put  into  operation 
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with  large  frames  running  at  a  slow  speed,  but  would 
be  practically  impossible  with  the  light  high-speed 
frames  of  the  present  day.  If  a  large  number  of  saws 
are  employed  we  can  recommend  the  use  of  a  series  of 
circular  revolving  opening  wedges  and  saw  teeth  of 
extra-coarse  space  and  pitch. 

We  give  as  a  Frontispiece  a  plate  of  various  forms  of 
saw  teeth  taken  from  Worssam  on  '  Mechanical  Saws.' 
A  considerable  number  of  these  teeth,  however,  are 
rarely  used,  and  we  are  at  a  loss  to  see  the  advantages 
of  some  of  the  more  complex  forms  sometimes  used  on 
the  Continent  and  in  America,  as  the  extra  expense  of 
keeping  them  in  a  satisfactory  working  condition  would 
more  than  counterbalance  any  supposed  advantage. 
The  faces,  backs,  or  tops  of  the  teeth  shown  in  the 
plate  are  expressed  in  angular  degrees,  measured  from 
a  line  running  through  the  points  of  the  teeth.  The 
angle  of  the  point  itself  is  found  by  subtracting  the 
angle  of  the  back  from  that  of  the  face  of  the  tooth, 
or  the  less  from  the  greater  of  the  first  two  numbers. 
The  diagrams  are  not  drawn  to  any  definite  scale,  being 
given  to  illustrate  the  forms  of  teeth  and  not  the 
dimensions  or  gauges,  which  it  is  necessary  to  vary 
considerably  according  to  the  nature  or  condition  of 
the  wood  being  operated  upon. 
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CHAPTEE  XXXIX. 

BAND    OE    RIBBON  SAWS. 

Much  advance  has  been  made  of  late  years  in  tlie 
manufacture  of  band  or  ribbon  saws,  but  cbieflj  by 
France,  which  supplies  almost  entirely  the  rest  of  the 
world.  This  arises  not  so  much  from  the  quality  of 
the  steel  employed — which,  we  believe,  comes  from  Eng- 
land— but  from  the  peculiar  method  employed  in  tem- 
pering, which  ensures  to  the  blade  a  considerable 
amount  of  hardness  combined  with  toughness.  The 
manufacture  of  these  saws  on  an  extensive  scale  has 
never  been  carried  out  in  this  country,  the  method  of 
tempering  successfully  being  kept  more  or  less  a  secret. 
Band-saw  blades,  when  in  operation,  are  subjected  to 
several  strains,  the  chief  of  which  is  a  bending  or  tor- 
sional strain,  which  in  heavy  work  with  sharp  curves  is 
very  severe.  In  addition  to  this  the  expansion  and  con- 
traction in  the  blade  engendered  by  the  friction  whilst 
in  use,  seems  in  a  great  measure  to  alter  the  fibre  or 
granular  structure  of  the  steel,  and  the  consequent 
breakages  have  militated  much  against  the  universal 
adoption  of  this  method  of  sawing.  The  writer  some 
time  since  tried  a  plan  of  making  half  of  the  saw 
blade  carrying  the  teeth  of  a  hard  temper,  whilst  the 
back  of  the  blade  was  left  soft.    This,  however,  owing 
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to  the  difficulties  of  tempering  and  the  unequal  expan- 
sion and  contraction,  was  a  failure. 

To  M.  Perin,  of  Paris,  much  of  the  improvement  in 
the  manufacture  of  band-saw  blades  is  due.  Plenty  of 
scope  for  improvement  still  exists,  especially  in  saws 
of  stout  gauge  and  considerable  width — say,  above  3 
inches.  Wide  band  saws  are  valuable  for  certain 
classes  of  heavy  bevel  sawing,  such  as  the  curved 
forms  required  for  ships'  timbers  or  the  backing  for 
armour-plated  vessels.  Their  use  for  these  purposes, 
however,  is  much  retarded,  owing  to  the  heavy  loss  sus- 
tained even  by  the  breakage  of  a  single  saw,  as  when 
once  broken  it  is  a  matter  of  considerable  difficulty  to 
braze  efficiently  wide  saws  of  stout  gauge. 

In  1856  Mr.  W.  Exall  took  out  a  patent  for  im- 
provements in  the  manufacture  of  band-saw  blades. 
These  improvements  consisted  chiefly  in  heating  the 
blade  by  means  of  blow-pipes  or  lamps  whilst  it  was 
being  passed  through  the  rollers  or  dies  used  for  the 
purpose  of  reducing  the  blade  to  its  proper  thinness, 
and  in  giving  the  blade  its  proper  temper  by  continually 
rolling  it  between  hard  rollers  or  by  repeated  drawing 
through  dies,  as  in  drawing  wire.  He  also  claimed 
another  plan  of  tempering  the  blade  when  joined  ready 
for  work  by  heating  it  in  a  suitable  oven  and  then 
plunging  it  into  oil  or  other  fluid. 

A  patent  for  an  improved  machine  for  setting  the 
teeth  of  band  saws  was  taken  out  by  Mr.  L.  Orton  in 
1876. 

In  this  invention  two  pulleys  hold  the  saw  taut, 
and  the  two  limbs  of  a  forked  frame  suspended  on  a 
short  shaft  carry  each  a  punch,  that  operates,  as  the 
frame  is  oscillated  by  the  handle,  to  set  the  teeth  from 
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opposite  sides,  the  saw  being  fed  along  by  a  paul  on  a 
bell-crank  lever,  that  is  actuated  by  a  cam  fixed  upon 
the  frame. 

For  sawing  very  hard  wood  or  iron  the  teeth  should 
be  made  shorter,  and  with  at  least  one-third  more 
points  to  the  inch,  than  in  blades  for  sawing  soft  wood, 
as  they  will  stand  little  or  no  setting ;  for  a  clearance 
for  the  saw  they  are  made  to  taper  from  the  points  of 
the  teeth  to  the  back  of  the  saw.  The  teeth  of  band 
saws  should  be  set  by  blows  in  preference  to  bending, 
which,  unless  very  carefully  performed,  is  more  liable 
to  buckle  the  blades  and  prevent  them  running  true. 

Saw  blades  of  too  hard  a  temper,  where  the  steel 
has  crystallised,  or  where  the  blades  have  been  sub- 
jected to  imperfect  or  sudden  tension,  break  readily, 
the  fractures  "usually  commencing  from  the  roots  of 
the  teeth.  A  good  saw-blade  should  be  elastic  in  its 
temper,  without  hardness;  the  gauge,  width,  and 
toothing  should  be  uniform  throughout.  Care  should 
be  taken  in  jointing  the  saws  that  they  are  not  made 
thicker  at  the  braze,  as  when  in  work,  if  this  is  the 
case,  they  will  be  found  to  jump  and  not  run  true  on 
the  saw  wheel,  breakages  being  the  result.  The  opera- 
tion of  brazing  or  jointing  band-saw  blades  with  a 
little  practice  is  easily  performed.  The  modus  operandi 
is  as  follows : — Take  each  end  of  the  blade  and  file 
down  a  taper  on  the  opposite  sides  of  the  saw  of  about 
three  teeth  points,  so  that  when  the  two  ends  of  the 
saw  are  made  to  overlap  each  other  the  joint,  when 
cleaned  off,  will  be  the  same  thickness  as  the  rest  of 
the  blade.  Secure  the  overlapping  ends  of  the  saw 
well  together  by  small  hand  vices,  and  tie  them  with  fine 
iron  wire.    Over  this  bind  tightly  with  brass  wire  the 
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full  length  of  the  overlap.  Moisten  the  joint  with  water 
and  cover  it  with  powdered  borax.  Either  take  a  large 
tongs  and  make  it  red  hot,  or  place  the  saw  in  a  small 
forge  fire  made  of  charcoal  and  keep  it  there  till  the 
brass  is  well  melted.  Let  the  saw  cool  gradually,  and 
file  the  joint  to  the  same  gauge  as  the  rest  of  the 
blade  and  finish  it  with  emery  cloth.  If  this  operation 
is  well  performed  the  joint  will  scarcely  be  distinguish- 
able. Some  prefer  to  moisten  the  saw  with  diluted 
muriatic  acid,  we  presume  to  remove  any  grease ;  but 
we  have  always  found  plain  water  answer  very  well. 
Care  must  be  taken  that  when  brazed  the  overlapping 
ends  of  the  saw  press  well  together. 

It  is  difficult  to  distinguish  by  inspection  the 
quality  or  temper  of  a  saw  blade.  A  blade  either  too 
soft  or  too  hard  is  comparatively  useless.  By  bending 
the  blade  you  can  in  a  degree  judge  by  its  elasticity  as 
to  its  temper,  but  users  must,  however,  necessarily  be 
more  or  less  in  the  hands  of  the  manufacturer. 

The  expansion  and  contraction  of  the  saw  blade  is 
a  fruitful  cause  of  breakages.  This  can  be  somewhat 
lessened  by  lubricating  the  blade  well,  keeping  the 
leathers  on  the  saw  wheels  true,  and  slackening  the 
tension  of  the  saw  immediately  after  finishing  work. 
The  bed  plate  and  column  of  the  machine  should  be  of 
sufficient  section  and  area,  and  fixed  on  a  foundation  of 
sufficient  firmness  to  prevent  any  jar  or  vibration  even 
when  sawing  the  heaviest  timber  of  which  the  machine 
is  capable.  We  have  found  saw  blades  of  a  thin  gauge 
to  stand  better  than  stout  ones.  They  should  always 
bend  easily  over  the  pulleys,  as  if  the  angle  is  too 
sharp  for  the  gauge  or  temper  of  the  saw  they  will 
invariably  break. 
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Although,  we  are  aware  thej  are  thinner  than  those 
usually  employed,  after  considerable  experience  we  can 
recommend  the  following  thicknesses  of  saws  as  the 
gauges  most  suitable  for  sawing  pine  and  the  softer 
kinds  of  wood  of  the  Pinus  family.  The  lengths  of  the 
blades  are  given  in  feet,  and  the  thicknesses  by  Birming- 
ham wire  gauge  : — 

Saws  up  to  14  feet  long,  of  any  width,  22  ga. 

17         „  „  21  ga. 

20  „  „  20  ga. 

24  „  „  19  ga. 

>>        30         „  „  19  ga.  t.,  or  18  ga.  e. 

These  fi  gures  must  not,  however,  be  considered  as 
arbitrary,  but  can  be  modified  according  to  circum- 
stances. The  smaller  the  diameter  of  the  saw  wheel,  so 
should  in  ratio  the  gauge  of  the  saw  be  reduced.  This, 
however,  does  not  apply  to  those  machines  of  the 
smaller  class  in  which  the  saw  blade  runs  over  three 
wheels  instead  of  two,  as  in  this  case  the  blade  does 
not  impinge  on  the  periphery  of  the  saw  wheel  at 
so  sharp  an  angle  as  when  two  wheels  only  are  em- 
ployed. 

For  cutting  the  harder  and  closer-grained  woods, 
such  as  oak,  beech,  &c.,  the  thickness  of  the  saw  should 
be  increased  about  one  gauge,  the  teeth  should  be 
more  upright  and  spaced  finer,  and  the  set  also  should 
be  reduced.  For  woods  of  a  woolly  fibre,  such  as  English 
poplar,  the  teeth  of  the  saw  should  be  of  coarse  space 
and  set,  to  effect  a  clearance  and  overcome  its  clinging 
properties.  For  cutting  metal  the  thicknesses  given 
may  be  increased  about  three  gauges,  the  teeth  of  the 
saw  being  very  finely  spaced — say,  twenty  points  to  the 
inch — and  set  slightly  with  a  hammer.    These  saws 
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are  made  to  taper  towards  tlie  back  of  the  blade  for 
clearance. 

We  give  herewitb  illustrations  of  the  saw  teeth  we 
have  found  most  suitable  for  band-saw  blades  for  cut- 
ting all  ordinary  classes  of  wood.  Figs.  43  and  44  are 
well  suited  to  most  of  the  woods  of  the  Pinus  family, 
except  pitch  pine ;  for  working  this  wood  we  can  re- 


FIG.  43.  FIG.  44. 


commend  fig.  45,  the  teeth  of  which  should  be  coarsely 
spaced  and  set.  In  addition  to  this,  owing  to  the 
clinging  properties  of  the  resin,  a  small  brush  should 
be  attached  to  the  machine,  so  arranged  that  the  saw 
blade  is  constantly  swept  by  it ;  an  occasional  appli- 
cation of  grease  to  the  blade  is  also  an  advantage,  as 
the  resin  is  more  readily  removed.   We  can  recommend 


FIG.  45.  FIG.  46. 


for  durability  saws  with  gullet  teeth — i.e.  teeth  rounded 
out  at  the  root,  similar  to  figs.  44  and  47 — as  they  are 
much  less  likely  to  fracture  in  working  than  saws  with 
the  roots  running  to  an  angle,  as  the  fracture  in  the 
blade  is  found  almost  invariably  to  commence  at  the 
point  of  this  angle.    Owing,  however,  to  small  gullet 
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teeth  being  more  troublesome  and  expensive  to  sharpen 
the  angle  teeth  are  still  more  generally  employed. 

After  several  experiments  we  have  found  the  teeth 
shown  by  fig.  46  very  suitable  for  sawing  oak,  ash,  elm, 
and  other  hard  woods,  and  by  setting  the  face  of  the 
teeth  farther  back — i.e.  slightly  out  of  the  perpen- 
dicular— the  cutting  action  is  improved. 


FIG.  47.  FIG.  48. 


For  heavy  curved  sawing,  such  as  the  timbers  used 
in  ship-building,  the  backing  of  armour-plated  vessels, 
&c.,  for  all  saws  above  2\  inches  wide  we  can  strongly 
recommend  the  gullet  tooth,  as  shown  in  fig.  47.  In 
fig.  48  are  teeth  adapted  for  cutting  iron  and  metals  ; 
they  should,  however,  be  somewhat  stouter  at  the  root 
than  those  shown  in  sketch. 

The  figures  are  not  drawn  to  scale,  but  are  intended 
to  illustrate  the  shape  or  form  of  the  teeth. 
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OUTTEES. 

The  action  of  revolving  cutters,  such  as  those  used  in 
planing  and  moulding  machines,  is  similar  to  that  of 
circular  saws.  Tor  planing  soft  wood  the  bevel  of  the 
cutting  edge  of  the  iron  should  be  more  extended  than 
when  used  for  hard  wood.  About  25°  to  the  face  of 
the  iron  is  the  best  angle,  whilst  for  hard  woods  about 
40°  is  found  most  suitable.  They  are  occasionally  worked 
at  a  more  acute  angle  than  this,  but  in  working  very 
hard  woods  the  edges  of  the  cutters  are  more  liable  to 
break.  Cross-cutting  cutters,  such  as  those  used  in  tenon- 
ing machines,  should  be  arranged  to  work  diagonally 
to  the  grain  of  the  wood.  An  angle  of  about  15  degrees  to 
the  axis  is  usually  found  suitable  for  soft  wood,  as  it  is 
found  the  nearer  they  act  with  the  fibre  of  the  wood  the 
smoother  the  work.  Cutters  for  tenoning  machines  are 
made  by  some  engineers  slightly  helical.  We  think,  how- 
ever, that  anything  gained  in  this  manner  is  more  than 
lost  in  the  extra  trouble  involved  in  keeping  them  in 
order,  as  well  as  increased  first  cost.  For  planing  wide 
surfaces  M.  Arbey,  of  Paris,  has  for  some  years  used  the 
spiral  or  twisted  irons  patented  by  Mareschal  and  Godeau. 
The  advantage  claimed  for  this  form  of  knife  is,  that  the 
pitch  of  the  knives  is  so  arranged  that  the  end.  of  one 
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comes  opposite  to  the  beginning  of  the  other,  thus 
giving  a  continuous  cut  during  the  whole  revolution  of 
the  cutter  block.  As  part  only  of  the  whole  length  of 
the  knives  strikes  the  wood  at  the  same  time,  the  jar 
or  vibration  is  thus  considerably  lessened ;  and,  as  they 
always  present  the  same  cutting  angle  to  the  wood, 
cross-grained  and  knotty  stuff  can  be  worked.  The 
knives  used  are  very  light,  being  from  one  to  two 
millimetres  in  thickness.  They  are,  however,  more 
difficult  to  manage  than  straight  knives,  and  require 
considerable  skill  and  care  in  keeping  them  in  order; 
hence  their  very  partial  adoption.  Where  this  form  of 
knife  is  adopted  an  arrangement  is  generally  made  to 
sharpen  them  in  their  places  on  the  cutter  blocks  by 
means  of  a  revolving  emery  wheel.  Whatever  form  of 
knife  is  used,  the  steel  employed  in  its  manufacture 
should  be  of  the  highest  obtainable  quality.  We  prefer 
cutters  made  of  wrought  iron  faced  with  steel  to  those 
of  solid  steel,  as  being  easier  to  work  and  less  liable  to 
fracture.  In  establishments  where  a  large  variety  of 
woods  are  worked  it  is  advisable  to  have  several  sets 
of  knives  ground  to  the  various  bevels  found  best  suited 
to  the  work.  Much  has  been  written  as  regards 
tempering  cutting  tools.  No  absolute  rules,  we  think, 
can  be  laid  down,  at  any  rate  as  regards  wood-cutting 
tools;  it  simply  resolves  itself  into  a  matter  of  practical 
experience.  For  working  soft  woods  with  knives  of  an 
acute  bevel  a  light  straw-colour  temper  is  suitable, 
whilst  for  harder  woods,  where  the  bevel  of  the  knives 
used  is  made  more  obtuse,  the  temper  should  be  made 
slightly  harder  in  proportion.  Cutters  should  always 
be  ground  with  a  double  bevel,  leaving  at  the  cutting 
edge,  say,  about  ^  in.  to  be  whetted  with  a  stone  to  a  keen 
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edge  bj  hand.  Several  varieties  of  stone  are  suited  to 
this  purpose,  but  we  have  found  nothing  better  than  a 
good  Turkey  stone.  All  plane  irons  above  12  inches 
long  should  be  ground  in  a  sliding  frame,  fitted  with 
adjustments  for  any  desired  bevel,  as  it  is  impossible  to 
keep  long  irons,  such  as  those  used  in  panel-planing  or 
trying-up  machines,  true  with  hand  grinding  against 
an  ordinary  fixed  rest.  In  panel-planing  or  other 
machines  for  working  wood  of  considerable  width, 
instead  of  using  two  long  planing  irons  extending  the 
whole  width  of  the  machine,  eight  short  ones  should  be 
arranged  in  succession,  two  on  each  of  the  four  sides  of 
the  cutter  blocks ;  this  plan,  although  causing  a  little 
more  trouble  in  adjusting  the  irons,  does  away  with 
the  difficulties  often  experienced  in  keeping  irons  of 
very  great  width  in  a  satisfactory  condition. 

In  constructing  moulding  irons,  a  plan  often  pur- 
sued, but  still  essentially  wrong,  is  to  cut  the  shape  of 
the  required  moulding  on  the  edge  of  the  steel  and 
grind  a  bevel  backwards  from  it.  The  result  is  the 
exact  profile  of  the  moulding  is  constantly  liable  to  be 
altered  when  sharpening.  In  place  of  this  the  form  of 
moulding  should  be  always  milled  into  the  face  of 
the  cutter  itself,  as  it  thus,  if  sharpened  to  the 
proper  bevel,  retains  its  true  form.  A  few  years  since  a 
somewhat  novel  system  of  steel  cutters  for  working 
wood  was  patented  by  M.  Guilliet  Perreau,  of  Auxerre, 
France.  He  claimed  that  in  his  cutters,  when  the  profile 
of  the  moulding  was  once  formed,  it  was  unalterable, 
no  matter  how  badly  the  sharpening  might  be  done ; 
that  they  made  a  cleaner  cut  and  were  less  liable  to 
accident.    We  have  seen  this  form  of  cutter  in  opera- 
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tion  in  various  machines  and  giving  very  satisfactory 
results.  They  are  made  from  one  piece  of  steel,  in 
form  something  like  a  deep  saucer ;  the  periphery  is 
shaped  to  the  profile  of  the  desired  moulding,  and  has 
several  openings,  which  are  sharpened  towards  the 
centre  and  present  as  many  cutting  edges  to  the  wood. 
These  cutters  can  be  modified  in  shape  for  tenoning 
and  other  operations ;  they  possess  several  features  of 
value,  but,  unless  manufactured  on  a  considerable  scale 
and  with  special  appliances,  their  first  cost  would  be 
considerably  in  excess  of  the  ordinary  form. 

Fixed  cutters  for  planing  machines  should  be  fitted 
with  back  irons,  and  the  cutting  edge  arranged  at  a 
slightly  oblique  angle  to  the  wood,  as  the  shock  on  the 
knife  is  thus  received  gradually.  This  also  applies  to 
veneer-slicing  machines  when  a  sliding  cutter-block  is 
used,  except  in  some  kinds  of  wood  where  it  is  found 
necessary  to  cut  the  fibres  of  the  wood  the  whole  width 
of  the  board  or  block  at  the  same  moment. 

In  establishments  where  a  considerable  number  of 
moulding  irons  are  in  use,  some  half-dozen  stones  of 
fine  grit  should  be  mounted  and  turned  up  to  fit  the 
rounds  and  hollows  of  the  most  usual  form  of  irons, 
which  can  thus  be  sharpened  without  the  aid  of  hand 
filing,  which  is  an  expensive  method  and  deteriorates 
considerably  the  cutting  power  of  the  steel,  from  the 
constant  softening  and  hardening  processes  through 
which  it  has  to  go. 

In  surfacing  and  squaring-up  machines,  where  cylin- 
drical gouges  are  used,  especial  care  must  be  taken 
that  they  are  set  at  the  most  suitable  angle  required 
by  the  nature  of  the  wood,  a^nd  that  the  temper  of  the 
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gouge  is  not  made  too  tigli,  or  fracture  and  consequent 
loss  will  be  the  result.  We  have  found  the  palest  of  pale 
straw  colour  the  best  suited,  except  for  the  hardest  class 
of  wood  ;  a  considerable  increase  in  the  strength  of  the 
steel  is  produced  by  hardening  in  oil. 
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CHAPTEE  XLI. 

BAND-SAWING  MACHINES  FOR  HEAVY  TIMBEE. 

During  recent  years  the  introduction  of  band-sawing 
machines  for  converting  heavy  timber  has  made  very 
considerable  progress,  more  particularly  in  America, 
where  a  great  number  of  machines  of  the  largest  size 
are  in  operation.  When  we  consider  that  a  well-con- 
structed band-sawing  machine  will  convert  logs  of  the 
heaviest  class  with  considerable  rapidity,  and  at  the 
same  time  effect  a  great  saving  in  power  and  wood,  it  is 
somewhat  remarkable  that  their  development  for  log 
sawing  has  not  been  more  rapid.  This  may  be  to  a 
certain  degree  attributed  to  the  difficulty  there  used  to 
be  in  obtaining  band-saw  blades  of  the  necessary  width 
and  temper  to  withstand  the  very  considerable  strain 
to  which  they  are  subjected,  and  to  the  want  of  provision 
of  adequate  means  of  keeping  the  saw  in  a  true  vertical 
line.  These  difficulties  have  now  been  entirely  over- 
come, and  the  machine  made  commercially  successful. 
The  object  of  the  present  chapter  is  to  consider  briefly 
some  of  the  points  to  be  desired  in  the  construction  and 
working  of  a  machine  of  this  class. 

Main  Frame. — In  designing  the  main  frame  or 
column  of  the  machine,  strength  with  rigidity  in  work- 
ing must  be  secured.  In  the  best  practice  a  hollow- 
cored  or  box  casting  made  in  one  piece  and  arranged 
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with  an  extended  base  is  usually  employed,  although 
some  American  manufacturers  prefer  a  wrought-iron 
girder  column  bolted  on  to  a  heavy  base  plate.  Which- 
ever is  used  it  is  important  that  the  base  plate  and 
foundations  generally  are  sufficiently  massive  to  absorb 
the  vibration  of  the  machine  when  working  at  its  full 
speed.  The  base  of  the  machine  is  fixed  below  the  mill 
floor,  and  the  foundation  bolts  pass  entirely  through 
the  masonry.  As  regards  the  foundations,  dressed 
stone  is  best,  as  it  offers  a  better  resistance  than  brick- 
work. It  should  be  accurately  levelled,  laid  on  a  bed 
of  concrete,  and  set  as  nearly  perpendicular  to  the 
direction  of  the  stress  as  possible.  The  quality  of  the 
work  turned  out  and  the  longevity  of  high- speeded 
machines  depend  more  on  the  stability  of  the  founda- 
tions than  is  generally  imagined,  and  any  reasonable 
outlay  in  this  connection  is  usually  money  well  invested. 
With  the  object  of  securing  increased  steadiness  in 
operation  we  have  seen  machines  working  with  success 
in  which  the  upper  saw  spindle  runs  in  bearings  fixed 
on  the  top  of  the  column  and  the  lower  spindle  in  a 
vertical  line  beneath  the  base  of  the  machine.  An 
additional  pair  of  bearings  placed  outside  the  driving 
pulleys  of  the  bottom  spindle  to  withstand  the  pull  of 
the  belt  are  an  advantage. 

Band  Saw  Wheels.— Perhaps  the  most  important 
features  in  the  construction  of  a  band- sawing  machine 
are  the  saw  wheels.  These  should  combine  in  the 
highest  possible  degree  strength  with  lightness ;  this  is 
more  particularly  the  case  with  the  upper  saw  wheel, 
as  should  it  be  too  heavy  it  may  overrun  the  bottom  or 
driving  wheel,  and  be  a  fruitful  cause  of  the  breakage 
of  saws. 
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The  wheels  shoiold  be  made  of  wrought  iron  or  steel, 
covered  with  wood  at  the  periphery,,  and  this  again 
covered  with  a  band  of  vulcanised  india-rubber  or 
leather.  The  wheels  should  be  turned  all  over,  the  top 
wheel  mounted  elastically,  and  both  be  'perfectly  in 
balance.  Should  they  be  the  least  out  of  balance  the 
consequent  centrifugal  force  causes  a  constant  jumping 
motion  on  the  wheels,  which  will  ultimately  break  the 
finest  saw  blades.  For  log  sawing  the  saw  wheels  must 
of  necessity  be  of  large  diameter — in  fact,  within 
moderation,  the  larger  the  better— as,  should  the  arc 
of  contact  of  the  saw  with  the  wheel  be  too  acute,  the 
blades  are  rapidly  cracked  and  fractured.  The  diameter 
of  the  wheels  should  be  in  proportion  to  the  thickness 
of  the  log  sawn,  varying  from  6  ft.  to  12  ft.  diameter,  by 
about  8  in.  on  the  face.  It  is  difficult  to  formulate  a 
rule  on  the  subject,  but  a  wheel  of,  say,  three  times  the 
diameter  of  the  thickness  of  the  wood  to  be  sawn  will 
generally  be  found  to  be  suitable.  The  top  saw  wheel 
must  be  arranged  to  cant,  so  as  to  direct  the  saw  blade 
to  any  desired  point  on  the  face  of  the  wheel,  and  so 
equalise  its  wear ;  care  must  be  taken,  however^  that 
the  teeth  are  not  allowed  to  run  so  far  in  as  to  tear  the 
covering.  The  outside  india-rubber  covering  should  be 
a  flat  ring  about  1  in.  thick,  sprung  on  and  carefully 
cemented  in  its  place.  If  leather  is  used,  two  thick- 
nesses, one  of  sole  and  one  of  buff  leather,  can  be 
recommended;  these  will  require  rivetting  in  their 
places. 

The  saw  wheel  spindles  should  be  of  steel  supported 
by  two  pairs  of  bearings  to  each  spindle ;  these  can  be 
mounted  in  an  adjustable  slide  for  the  top  wheel  and 
in  standards  or  pedestals  for  the  bottom  wheel.  We 
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have  found  this  arrangement  much  preferable  for  heavy- 
machines  to  the  plan  of  mounting  the  wheels  to  run  on 
studs,  or  using  single  bearings  or  bushes.  The  top 
whee]  spindle  and  slide  must  be  capable  of  being 
adjusted  vertically  to  suit  saws  of  various  lengths ;  this 
can  be  secured  by  means  of  a  hand  wheel  and  screw 
working  into  a  gun-metal  nut  fitted  in  the  slide  casting. 
For  covering  the  wheels  with  wood — which  should  be 
hard  and  well  seasoned — ash  or  walnut,  about  2  in. 
thick,  is  suitable ;  it  should  be  accurately  sawn  in  seg- 
ments, lap-jointed,  and  glued  together,  fastened  to  the 
wheel  with  counter-sunk  coach  screws,  and  turned  up 
in  its  place.  Strong  steel  or  wrought-iron  tubes  make 
excellent  spokes  for  the  wheels,  combining  as  they  do 
strength  with  lightness.  With  the  object  of  preventing 
the  upper  saw  wheel  overrunning  the  lower,  some 
engineers  make  the  latter  about  one-third  heavier  than 
the  former,  so  that  the  increased  momentum  may 
prevent  its  speed  being  materially  reduced  when  an 
increase  of  work  is  pat  upon  it.  For  machines  where 
the  duty  is  very  severe,  the  spokes  of  the  wheels  may 
be  staggered'  with  advantage;  in  this  case  the  centres 
should  be  made  heavier,  and  the  rim  of  the  wheel 
strengthened  with  wrought-iron  plates  or  pads  where 
the  spokes  are  attached.  The  top  wheel  can  be  set  to 
an  angle  with  the  lower  wheel  by  means  of  a  set  screw, 
cam,  or  worm  gearing,  whichever  the  arrangement  of 
the  wheel  or  slide  may  render  most  convenient.  Wheels 
without  flanges  are  to  be  preferred,  as  the  flanges  do 
little  to  support  the  back  of  the  saw  blade,  and  have  a 
tendency  to  twist  and  buckle  it,  and  heat  and  crystallise 
the  steel.  Some  American  makers  construct  the  lower 
saw  wheel  of  greater  diameter  than  the  top,  but  the 
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writer  fails  to  see  the  advantage  of  having  the  arc  of 
contact  of  the  saw  different  on  the  two  wheels.  By 
thus  lightening  the  top  wheel  the  tendency  to  overrun 
the  bottom  wheel  would  of  course  be  reduced.  With 
the  same  object  in  view — viz.  to  equalise  the  speed  of 
both  wheels — centrifugal  governor  gear  has  also  been 
fitted  to  the  top  wheel,  but  the  writer  is  unable  to 
speak  from  experience  as  to  its  success  or  otherwise. 

Tension  Appakatus. — To  secure  effective  workino-, 
and  prevent  as  far  as  possible  the  fracture  of  the  saw 
blade  arising  from  a  rigid  tension,  the  slide  or  bracket 
carrying  the  top  wheel  is  always  mounted  elastically. 
This  is  effected  through  the  medium  of  a  strong  spiral 
or  coach  spring,  or  by  means  of  a  counterbalanced 
compound  lever,  the  amount  of  tension  in  the  latter 
case  being  regulated  by  moving  the  weight  nearer  to  or 
farther  from  the  fulcrum.  No  absolute  rules  can  be 
made  as  to  the  amount  of  tension  necessary  on  the 
blade,  as  this  depends  largely  on  the  size  and  nature  of 
the  wood,  the  gauge,  width,  and  condition  of  saw,  and 
rate  of  feed  of  the  wood.  If  the  rate  of  feed  is  fast,  the 
tension  of  the  saw  must  be  increased  to  enable  it  to 
face  the  wood  without  buckling.  Great  tension  is  bad, 
and  often  leads  to  fractures,  especially  if  there  should 
be  any  small  cracks  in  the  blade,  a  condition  often 
found  in  saws  of  hard  or  crystalline  steel.  More 
tension  on  the  saw  should  not  be  given  than  is  required 
to  keep  it  to  the  line.  The  shde  should  be  so  evenly 
elastic  that,  should  the  saw  meet  an  obstruction  and 
give  a  jump,  the  spring  or  lever  compensating  arrange- 
ment would  give  with  it,  and  so  save  a  fracture. 

Saw  GtUIDes.— One  of  the  chief  troubles  found  in 
the  early  band-sawing  machine  for  logs  was  the  diffi- 
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cultj  of  keeping  the  saw  blade  in  a  true  vertical 
line  when  sawing  heavy  timber.  This  has  now^  how- 
ever^  been  in  a  large  degree  surmounted  by  means 
which  we  will  briefly  discuss.  In  the  first  place  it  is 
important  that  the  saw  be  guided  and  supported  as  it 
enters  and  leaves  the  wood.  This  has  been  done  in  a 
variety  of  ways.  The  best  with  which  we  are  acquainted 
is  to  fit  in  the  table  an  adjustable  metallic  friction 
revolving  guide  wheel  to  receive  the  back  thrust  of  the 
saw,  and  an  adjustable  guide  fitted  immediately  be- 
neath the  table^  with  a  similar  guide  arranged  in  an 
adjustable  counterbalanced  slide,  fixed  immediately 
above  the  surface  of  the  wood.  If  the  work  is  very 
difficult  two  pairs  of  movable  steel  rollers  placed 
immediately  above  the  cut  and  below  the  table  can  be 
used.  With  these  revolving  rollers  the  friction  is  very 
small,  and  the  saw  is  supported  considerably.  The 
ordinary  flat  adjustable  guides  are  usually  of  wood. 
Apple  or  pear  wood  soaked  in  oil  is  suitable,  but  some 
makers  use  plates  of  steel.  In  sawing  resinous  woods, 
where  it  is  necessary  to  keep  the  blade  clean  by  lubri- 
cating it_,  the  writer  has  nsed  with  advantage  an  oil-box 
guide.  This  is  made  in  gun-metal,  and  consists  chiefly 
of  two  flat  oil-boxes,  placed  one  on  each  side  of  the  saw. 
The  sides  of  the  boxes  nearest  the  saw  blade  are  made 
adjustable,  and  drilled  with  a  number  of  small  holes, 
through  which  the  oil  can  percolate.  Hard  brushes 
can  also  be  fixed  to  sweep  the  blade  clean  at  the  back 
of  the  machine  with  advantage.  The  packing  pieces^ 
whether  of  wood  or  metal,  should  be  adjusted  so  as  to 
just  touch  the  blade  on  either  side,  and  so  prevent  its 
undue  vibration  in  working.  Another  plan  to  keep  the 
saw  to  the  line  is  to  deflect  the  blade  as  it  enters  and 
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leaves  the  cut  by  means  of  side  friction  rollers  placed 
on  a  spindle  vertically  and  made  to  bear  against  it. 
The  revolving  steel  roller  receiving  the  back  thrust  of 
the  blade  must  be  capable  of  adjustment,  as  the  duty 
is  very  severe,  and  the  blade  must  not  be  allowed  to 
cut  too  deeply  into  it,  or  it  will  have  a  tendency  to  heat 
and  twist  the  blade.  The  roller  need  not  be  more  than 
^  in.  thick ;  it  should  be  about  4  in.  diameter,  made  of 
hardened  steel,  fitted  on  a  steel  spindle  carefully 
mounted  in  phosphor-bronze  bearings.  These,  together 
with  the  lower  side  guides,  can  be  mounted  with 
advantage  on  a  bracket  arranged  to  swivel  so  that  the 
guide  may  be  readily  adjusted  to  the  plane  of  the  saw 
blade. 

We  illustrate  in  fig.  49  an  improved  form  of  guide 
and  guide  arm,  of  American  origin,  in  which  the  pivot 
is  in  line  with  the  teeth  of  the  saw,  but  slightly  to 
one  side,  and  it  is  stated  that  the  amount  of  move- 
ment which  this  position  entails  upon  the  cutting 
edge  of  the  saw  is  so  slight  as  to  be  immaterial.  The 
hardened  steel  roller  is  fitted  between  steel  plates ;  the 
outside  plate  is  f  in.  thick,  with  a  slot  cut  in  it  to  make 
room  for  the  nut  on  the  roller.  This  outside  plate  is 
bolted  to  the  guide  casting  by  three  stud  bolts,  which 
pass  through  adjusting  steel  plugs,  thus  enabling  the 
distance  between  the  plates  to  be  altered  at  will.  The 
upper  and  lower  edges  of  the  plates  are  bevelled  as 
shown,  and  the  side  guides,  which  are  gibs  of  brass  or 
steel,  are  slipped  on  and  screwed  fast.  The  whole 
guide  is  then  pivoted  close  to  the  cutting  edge  of  the 
saw,  and  by  loosening  one  nut  the  guide  may  be  adjusted 
by  the  handle  shown  at  the  back  whilst  the  saw  is  in 
motion. 
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We  have  seen  anotlier  very  good  guide,  consisting 
of  a  hard  steel  disc  arranged  to  rotate  on  its  axis, 
so  as  to  present  fresh  wearing  surfaces  to  the  back  of 
the  saw.  The  side  guides  are  two  half  discs,  which 
are  made  to  embrace  the  sides  of  the  saw,  and  can  be 
readily  adjusted  by  a  screw  when  the  saw  is  in  motion. 

Timber  Carriage. — This  is  usually  a  table  of 
wrought  iron  running  on  friction  rollers  or  rails,  and 
operated  by  steam,  rack  and  pinion,  or  friction  gearing. 


FIG.  49. — GUIDE  AND  ARM. 


It  should  be  fitted  with  adjustable  sliding  heads  and 
dogs  for  holding  the  timber  firmly  in  position,  and  be 
speeded  to  travel  from,  say,  5  ft.  to  100  ft.  per  minute, 
according  to  the  size  and  nature  of  the  wood  to  be 
sawn.  By  means  of  a  hand  lever  and  suitable  friction 
gear  the  traverse  of  the  table  may  be  readily  started, 
stopped,  or  reversed,  as  may  be  required.  By  the 
employment  of  a  friction  disc  the  rate  of  feed  may  be 
regulated  to  a  nicety.  Rope  feeds  and  feeds  similar  to 
those  used  in  rack  saw  benches  are  also  used,  but  care 
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must  be  taten  that  the  speed  of  the  feed  is  not  excessive, 
or  the  saw  blade  may  be  buckled  and  broken,  as,  being 
of  much  thinner  gauge  and  usually  running  at  a  slower 
speed  than  a  circular  saw,  it  will  not  stand  so  much 
'  crowding.'  The  levers  and  hand  wheels  controlling 
the  stopping,  starting,  feeding,  and  adjusting  of  the 
logs  should  be  placed  so  as  to  be  readily  under  the 
control  of  the  operator,  and  as  near  together  as  may  be. 
In  the  most  advanced  machines  the  head  blocks  can  be 
simultaneously  moved  by  a  lever,  and  the  thickness  of 
the  cut  regulated  to  the  greatest  exactness  by  means  of 
an  indexed  gauge  plate. 

Band  Saw  Blades. — It  need  hardly  be  said  that 
no  matter  how  well  a  machine  be  designed  and  made, 
unless  the  cutting  tool  is  of  the  finest  quality  the 
result  is  always  unsatisfactory.  What  is  required  in  a 
band  saw  is  toughness  combined  with  a  certain  degree 
of  hardness.  If  the  blade  be  too  soft  it  will  not  stand 
to  its  work,  and  will  require  constant  sharpening.  If 
it  be  too  hard  it  will  crystallise  and  break;  it  must, 
however,  be  sufB.ciently  hard  to  keep  well  its  cutting 
edge.  French  bandsaws  have  long  been  held  in  the 
best  repute,  but  some  English  firms  are  now  making 
very  good  ones.  It  is  not  easy  to  distinguish  by  in- 
spection the  quality  or  temper  of  a  saw  blade,  and  a 
user  must  necessarily  rely  to  a  great  extent  on  the 
repute  of  the  saw  maker.  Not  a  bad  test  is  to 
^  hammer  set '  a  few  of  the  teeth  coarsely,  and  if  the 
temper  is  too  hard  a  tooth  will  probably  crack.  The 
gauge  of  the  saw  should  be  in  proportion  to  the 
diameter  of  the  saw  wheels  and  the  nature  of  the  work. 
A  thin  gauge  saw  will  stand  better  than  a  thick  one, 
therefore  a  saw  of  a  greater  gauge  than  is  required  to 
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stand  up  to  the  work  should  not  be  selected  ;  but  for 
cutting  hard,  close-grained  woods,  such  as  oak,  beech, 
&c.,  a  thicker  saw  Avill  be  required  than  for  medium 
and  soft  woods.  Long  blades  will  stand  better  than 
short  ones.  To  do  thoroughly  satisfactory  work  a  band 
saw  should  have  teeth  correct  in  shape,  and  the  blade 
be  uniform  in  gauge,  width,  toothing,  sharpening, 
setting,  and  temper.  The  question  as  to  the  shape  of 
the  teeth  is  a  matter  not  easily  dealt  with,  as  it  should 
be  regulated  by  the  nature  of  the  wood  they  have  to 
cut.  Teeth  with  square  or  angular  gullets  should  be 
avoided,  as  they  are  more  likely  to  crack  at  the  roots 
of  the  teeth  than  those  with  rounded  gullets.  For  con- 


verting ordinary  timber  a  saw  with  teeth  similar  to 
fig.  50  is  suitable.  For  sawing  oak,  ash,  elm,  and  hard 
woods  generally  ^  more  teeth  should  be  used  than  for 
soft  wood,  and  these  filed  farther  back.  For  woods  of 
woolly  fibre,  such  as  poplar,  saws  with  deep  teeth  and 
coarse  space  and  set  should  be  employed,  to  allow  an 
easy  clearance  for  the  sawdust,  and  overcome  its  cling- 
ing properties.  Coarse  teeth  and  set  should  also  be 
used  for  cutting  pitch  pine.  For  soft  woods  ordinary 
hand-saw  teeth  are  often  used.  It  is  important  that  all 
the  saw  teeth  be  sharpened  and  set  alike.  Witji  this 
object  in  view,  automatic  sharpening  and  setting 
machines  have  been  introduced  with  satisfactory 
1  See  Saw  Mills,  Their  Arrangement  and  Management,  by  M.  Powis 


FIG.  50. — SAW  TEETH  FOB  OEDINAEY  TIMBEB. 


Bale. 
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results.  A  suitable  gauge  for  saws  8  in.  wide  for 
cutting  soft  and  medium  woods  is  17  S.W.G.  with  a 
pitch  of  about  1|  in.  The  amount  of  set  should  vary 
according  to  the  density  of  the  wood,  the  harder  the 
wood  the  less  the  amount  of  set  necessary  and  the 
greater  the  number  of  teeth.  For  converting  very 
hard  woods^  such  as  iron  wood^  the  author  prefers  fine- 
toothed  and  set  mill  saws  to  either  circular  or  band 
saws.  For  sawing  deals,  band-sawing  machines  carry- 
ing two  blades  have  been  introduced  into  this  country 
with  success^  a  cutting  speed  of  about  6  ft.  per  minute 
being  maintained,  with  a  kerf  loss  of  about  ^  in.  for 
each  cut.  It  is  very  important,  in  order  to  secure  an 
even  motion  on  the  saw  blade^  that  the  brazing  be 
very  completely  done^,  and  that  the  joint  be  of  exactly 
the  same  thickness  as  the  rest  of  the  blade. 

Speed  of  Saw  Blade. — The  question  of  the  speed 
of  the  blade  is  a  factor  of  considerable  importance  in 
securing  efiicient  working.  A  short  saw  running  over 
medium-sized  wheels  cannot^  with  safety,  be  run  so 
fast  as  a  long  saw  running  over  large  ones,  by  several 
thousand  feet  per  minute.  A  speed  of  from  5,000  ft.  to 
10,000  ft.  per  minute — according  to  the  nature  of  the 
work  and  construction  of  the  machine — may  be  con- 
sidered a  fair  margin. 

Notes  on  Working. — Keep  the  saw  to  a  moderate 
tension  and  see  that  the  wheel  coverings  are  not  al- 
lowed to  get  rough  or  worn.  When  sawing  resinous 
woods,,  keep  the  blade  as  clean  as  possible  by  lubri- 
cating and  brushing  it.  After  taking  a  cut  the  log 
should  be  set  back  very  slightly,  so  as  to  clear  the 
teeth  of  the  saw,  as  the  table  runs  back,  preparatory 
to  taking  another  cut.     The  saw  should  never  be 
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crowded  with  too  quick  a  feed,  or  it  will  twist  and 
buckle  and  not  cut  true  and  regular.    Emerson,  an 
American  manufacturer  of  saws,  gives  tlie  following 
instructions  for  straightening  band  saws.  If  band  saws 
contain  lumps  or  twists,  put  them  on  the  wheels,  and 
at  the  tension  they  are  to  be  run.    Use  a  hght,  oval- 
faced  hand-hammer  for  thin,  narrow  saws,  a  heavier 
hammer  for  wider  and   thicker  ones,  and  a  short 
straight-edge,  say  6  in.  long,  for  narrow  saws,  and  a 
longer  one  for  wide  saws.    The  tongue  of  a  carpenter  s 
or  machinist's  try  square,  if  straight,  will  answer.  Go 
over  the  saw  carefully  with  the  straight-edge,  and 
mark  the  lumps  and  high  places  on  both  sides  of  the 
saw.    Now  hold  the  oval  face  (end)  of  a  carpenter's  or 
millwright's  mallet  against  the  side  of  the  saw,  exactly 
on  the  opposite  side  from  the  marked  places,  which 
should  be  marked  with  chalk.  You  will  find  that  a  few 
light  blows  against  the  saw  opposite  the  smooth  face  of 
the  mallet  will  knock  out  the  lumps.    Work  on  both 
marked  sides  as  you  go  along,  watching  very  caref  ully 
with  your  straight-edge  as  you  proceed,  and  you  will  at 
once  see  that  the  lumps  or  high  places  begin  to  dis- 
appear.    If  jour  saw  has  been  sprung  edgewise  by 
gumming  or  cutting  out  the  teeth  with  a  press  gummer, 
take  most  of  the  weight  ofP  the  saw,  so  as  only  to  have 
barely  tension  enough  to  hold  the  saw  straight  on  its 
sides;  use  a  long  straight-edge,  say  18  in.  to  20  m 
long,  and  be  sure  that  it  is  straight.    If  the  back  ot 
the  saw  is  found  to  be  hollowing,  hold  the  face  of  a 
heavy  hand-hammer  against  one  side  of  the  saw,  and, 
with  a  lighter  hand-hammer,  hammer  the  blade  against 
the  face  of  the  large  hand-hammer,  commencing  at  the 
edge  of  the  saw  near  the  back,  working  towards  the 


36o  WOOD-WORKING  MACHINERY. 

roots  of  the  teeth,  thus  stretching  the  saw  at  the  back. 
Striking  light  blows  on  a  thin,  narrow  saw,  and  heavier 
ones  on  a  wide,  thick  saw,  will  soon  bring  them  straight 
on  the  back.  The  principle  of  this  operation  is  that 
you  stretch  the  steel  at  the  back  of  the  saw.  A  band 
saw  will  work  badly  if  the  cutting  edge  becomes 
stretched  so  that  it  is  hollow-backed.  It  will  work 
much  better  if  the  back  is  stretched  a  little  longer  than 
the  cutting-edge,  so  that  it  will  be  a  trifle  rounding  on 
the  back  (but  not  too  much).  Then,  when  the  saw  is 
strained  up,  the  cutting-edge  will  be  a  little  tighter 
than  the  back.  With  a  little  practice,  care,  and  per- 
severance, any  ordinary  mechanic  can  make  a  good 
job,  with  tools  that  he  can  pick  up  in  almost  any  shop 
or  mill  using  band  saws,  and  will  be  surprised  to  learn 
how  quickly  he  can  go  over  a  saw,  and  how  much  he 
can  improve  the  working  of  it.  Unless  you  want  to 
stretch  the  saw^  use  wood  and  not  iron  or  steel  to 
hammer  against. 

Circular  and  Band  Saws  Compared. — Circular 
saws  for  breaking  down  heavy  timber,  when  compared 
with  band  saws  used  for  the  same  purpose,  possess  the 
advantage  of  greater  output,  and  are  perhaps  a  little 
more  easily  managed.  On  the  other  hand,  the  band 
saw  uses  much  less  power  and  wastes  much  less  wood. 
The  first  cost  of  a  good  rack-feed  saw  bench  and  a  band 
saw  for  logs  is  slightly  in  favour  of  the  former.  In 
America^  where  circular  saws  are  used  of  much  thicker 
gauge  than  they  are  here,  the  saving  in  power  and 
wood  through  using  a  band  saw  is  correspondingly 
greater.  In  sawing  pine  the  average  output  on  a  first- 
rate  circular  saw  in  America  may  be  set  down  at  about 
40,000  ft.  per  day  of  ten  hours,  whilst  a  band  saw  in 
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the  same  time  would  produce  about  30,000  ft.  We 
believe  these  figures  have  been  exceeded,  but  think 
they  may  be  taken  as  a  fair  average.    An  American 
authority,  in  comparing  circular  and  band  saws,  says 
that  *  the  kerf  of  circular  saws  average  y^-g  in.,  and  in 
sawing  1,000  ft.  of  inch  boards  312  ft.  is  turned  into 
sawdust.    The  average  kerf  of  the  band  saw  is  about 
iV  in.,  and  in  sawing  the  same  amount  of  boards  it 
turns  83  ft.  into  sawdust.    This  shows  a  clear  saving 
of  229  ft.  in  favour  of  the  band  saw  on  every  1,000  ft.^ 
and  on  1,000,000  ft.  of  229,000  ft.,'  an  enormous  saving 
to  say  the  least.    The  figures  here  given  must,  how- 
ever, be  very  considerably  discounted  when  applied  to 
this  country^  as  the  circular  saws  in  use  here  are  of 
very  much  thinner  gauge ;  but  supposing  a  reduction 
of  50  per  cent.,  and  the  saving  is  still  very  great.  This 
is,  of  course,  particularly  the  case  when  valuable  woods 
are  converted.    Again,  if  the  band-sawing  machine  is 
carefully  made  and  handled,  the  work  produced  is 
superior  to  that  of  the  circular  saw.     This  may  be 
chiefly  accounted  for  through  the   greater  freedom 
from  vibration  of  the  band  saw  when  cutting.    As  the 
advantages  arising  from  the  employment  of  band  saws 
become  better  known  and  appreciated,  there  is  little 
doubt  that  they  will,  on  their  merits,  rapidly  supersede 
large  circular  saws  for  converting  heavy  logs. 

The  illustration  fig.  51  represents  a  log  band-sawing 
machine  from  the  designs  of  Messrs.  A.  Eansome  &  Co. 
The  main  frame  of  the  machine  is  of  massive  construc- 
tion, to  overcome  the  vibration  of  working.  The  saw 
wheels  are  of  large  diameter,  and  made  of  wrought  iron 
or  steel  cased  with  wood,  to  combine,  as  far  as  may  be, 
strength  with  lightness.     The  lower  wheel  is  made 
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heavier  than  the  top  one,  to  prevent  the  saw  over- 
running when  entering  the  cut.     The  saw-wheel 
spindles  are  of  steel  running  in  bearings  placed  close 
up  on  each  side  the  saw  wheels,  so  as  to  take  up 
immediately  the  strain  of  the  saw  when  working.  The 
bearings  are  made  of  estra  length,  so  that  the  pressure 
is  distributed  over  an  increased  area,  and  excessive 
friction  is  avoided.    The  top  saw  pulley  is  made  adjust- 
able, and  a  proper  working  tension  is  given  to  the  saw 
blade  by  means  of  a  compound  weighted  lever.  Adjust- 
able packing  boxes  are  placed  immediately  above  and 
below  the  cut,  to  guide  and  support  the  saw  when  at 
work  and  prevent  it  running  irom  the  line.  The 
machine  is  fitted  with  a  variable  feed  motion,  actuated 
by  a  frictional  disc  arrangement,  and  speeded  at  from 
5  ft.  to  50  ft.  per  minute  feed,  with  a  return  motion 
of  250  ft.  per  minute.     Speed  of  saw  7,000  ft.  per 
minute. 


no.  51.-Loa  ban'd-sawing  machine. 


Back  of 
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CHAPTEE  XLII. 

THE  CONSTEUCTION  AND  MANAGEMENT  OP  BAND- 
SAWING  MACHINES. 

Many  of  our  remarks  on  log  band-sawing  machines  will 
apply  also  to  those  of  ordinary  construction,  but  we  may 
say  that,  to  make  a  really  efficient  machine,  the  main 
framing  should  be  rigid  and  cast  in  one  piece,  and  of  a 
height  not  greater  than  is  absolutely  required  for 
working.  Hollow  or  '  box '  framing  is  to  be  preferred, 
but  for  light  machines  a  stout  flange  casting  may  be 
sufficient ;  the  base  of  the  machine  should  be  extended, 
and,  given  these,  freedom  from  excessive  vibration  in 
working  may  be  secured. 

To  insure  easy  manipulation  of  the  wood,  it  will  be 
necessary  to  bow  the  main  frame  sufficiently  to  allow 
of  ample  space  between  it  and  the  saw.  The  next 
most  important  point  is  the  construction  of  the  saw 
wheels.  These  should  be  of  as  large  a  diameter  as  may 
be  convenient,  and  combine  strength  with  lightness  in 
the  highest  possible  degree,  and  be  perfectly  in  balance. 
An  elastic  rubber  band  or  cushion  must  also  be  provided 
for  the  saw  to  ride  on. 

In  the  best  practice  the  old  cast-iron  flanged  wheels 
have  given  place  to  light  steel  or  wrought-iron  ones, 
made  somewhat  after  the  fashion  of  bicycle  wheels  and 
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without  flanges.  The  top  wheel  is  arranged  to  cant, 
thus  directing  the  saw  to  run  on  any  part  of  the  peri- 
phery and  equalising  the  wear  on  the  elastic  covering. 
The  top  saw  wheel  must  be  mounted  elastically,  and 
the  author  has  found  for  heavy  machines  two  pairs  of 
bearings — mounted  in  a  slide  for  the  tqp  wheel,  and  in 
standards  or  pedestals  for  the  bottom  wheel — to  be 
preferable  to  single  bearings  or  the  plan  of  mounting 
the  wheel  to  run  on  studs.  To  keep  the  saw  to  its 
proper  tension,  and  lessen  the  breakage  of  the  blades,  a 
weighted  counterbalance  lever,  or  a  spring  arrangement, 
must  in  all  cases  be  fitted  to  the  top  slide.  An  ex- 
tremely important  matter  is  the  guiding  and  supporting 
of  the  saw  blade  as  it  enters  and  leaves  the  wood ;  this 
may  be  done  by  fitting  in  the  table  metallic  friction 
guide  wheels  to  receive  the  back  thrust  of  the  saw,  an 
adjustable  wooden  guide  immediately  beneath  the  table 
and  a  similar  guide  fitted  in  an  adjustable  counter- 
balanced slide  fixed  immediately  above  the  surface  of 
the  wood. 

The  table  must,  of  course,  be  arranged  to  set  to 
angle :  this  is  usually  done  by  means  of  a  slotted  quad- 
rant and  stud,  but  the  trouble  of  unslacking  the  nut 
and  uncertainty  of  fixing  the  table  may  be  obviated  by 
forming  a  worm  on  the  quadrant,  and  working  it  by  a 
worm  and  hand  wheel.  The  table  can  thus  be  set  to 
any  desired  angle  with  the  greatest  nicety. 

Before  commencing  work,  the  machine  should  be 
carefully  fixed  to  a  dead  level,  and  it  would  be  well  to 
place  beneath  the  base-plate  a  sheet  of  felt,  as  this 
has  a  tendency  to  absorb  and  lessen  the  vibration  in 
working,  especially  if  the  machine  be  placed  on  an 
upper  floor. 


BREAKAGE  OF  BAND-SAW  BLADES.  365 


THE  BREAKAGE  OP  BAND-SAWS. 

Why  do  band  saws  break  ?  that  is  the  question. 

Many  people  would  probably  say  because  they  are 
not  strong  enough ;  but  when  we  consider  that  the  limit 
of  endurance  of  a  jointed  and  strained  band  saw  blade  is 
not  less  than  180  lbs.  for  every  ^  of  its  width,  some- 
thing beyond  fair  usage  must  account  for  their  constant 
breakage.  I  take  it  the  chief  causes  of  breakage  may 
be  set  down  as  follows : — 

1.  Improperly  or  badly  constructed  machines. 

2.  Bad  saws. 

3.  Saws  of  too  thick  a  gauge  for  the  diameter  of 
the  wheels. 

4.  Saw  wheels  too  small,  too  heavy,  or  out  of 
balance. 

5.  Want  of  elastic  tension  in  mounting  the  saAv 
wheels. 

6.  Too  great  or  sudden  a  tension,  or  wheel  covering 
worn,  or  out  of  order. 

7.  In  overcoming  the  inertia  of  starting  the  top 
wheel,  and  from  the  top  wheel  overrunning  the  bottom 
wheel  and  saw. 

8.  From  the  expansion  of  working  and  the  omis- 
sion to  loosen  the  saw  blade  as  it  contracts  after  finish- 
ing work. 

9.  Improper  method  of  receiving  the  back  thrust  of 
the  saw. 

10.  From  imperfect  brazing  and  the  joint  being 
thicker  than  the  other  part  of  the  blade. 

11.  From  chips  dropping  between  the  blade  and  the 
bottom  saw  wheel. 

12.  Insufficient  guides  for  the  saw  as  it  enters  or 
leaves  the  cut. 
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13.  Improper  teeth  or  width  of  blade  for  the  wood 
or  work  to  be  done. 

14.  Improper  and  uneven  sharpening  and  setting. 

15.  Improper  speed. 

16.  Improper  working,  such  as  forcing  the  saw, 
using  dull  saws,  &c. 

There  may  be  other  reasons  for  breakage  than 
above,  but  these  are  the  chief  ones  the  writer  can  call 
to  mind  at  the  moment ;  practical  readers  can  add  to 
the  list. 

Referring  to  cause  of  breakage  No.  1  on  the  list, 
we  have  already  given  some  notes  on  the  points  to  be 
desired  in  a  well-constructed  machine  which  will  suffi- 
ciently answer  this. 

With  reference  to  band  saws  (No.  2),  the  user  has 
to  a  great  extent  to  place  himself  in  the  hands  of  the 
saw-maker,  as  it  is  difficult  to  distinguish  by  inspection 
the  quality  or  temper  of  a  saw  blade.  By  bending  the 
blade  or  by  setting  some  of  the  teeth  coarsely  you  can 
in  a  degree  judge  its  elasticity  as  to  its  temper^  as, 
should  it  be  too  hard,  it  would  probably  crack.  A 
blade  either  too  hard  or  too  soft  is  useless  ;  what  is  re- 
quired in  a  band  saw  is  toughness,,  and  a  certain  degree 
of  hardness  combined.  (3)  A  fruitful  cause  of  breakage 
of  the  blades  is  the  use  of  band  saws  of  too  thick  a 
gauge  for  the  size  of  the  saw  wheels  on  which  they  run. 
The  blades  when  in  work  are  subjected  to  several  severe 
strains,  the  chief  of  which  are  bending  and  torsional ; 
this  is  particularly  the  case  when  thick  saws  are  run  on 
wheels  of  small  diameter,  as  the  arc  of  contact  of  the 
saw  and  wheel  is  too  sharp.  It  is  a  mistake  to  use 
thick  saws ;  a  thin  gauge  saw  will  stand  better  than  a 
thick  one. 
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4.  As  we  have  elsewhere  remarked,  saw  wheels  of 
small  diameter  are  to  be  avoided.  We  prefer  to  run 
wheels  without  flanges  on  them.  5.  A  very  important 
point  in  working  band  saws  is  to  secure  a  constant  and 
even  tension  on  the  saw  blade ;  at  the  same  time  the  ten- 
sion should  be  elastic,  and  not  rigid,  to  allow  for  the  ex- 
pansion and  contraction  of  the  saw,  as  the  friction  of 
working  sets  up  heat,  which  causes  the  blade  to  ex- 
pand, and  when  the  machine  is  at  rest,  and  the  blade 
becomes  cool,  it  contracts  again.  Should  the  saw  catch 
in  a  knot  or  nail  and  give  a  jump,  if  the  top  saw  wheel 
is  mounted  rigidly  it  will  almost  invariably  snap,  but 
should  it  be  elastically  mounted  it  will  give  with  the 
saw,  and  so  save  its  fracture. 

6.  Some  operators  run  their  saws  at  too  great  a  ten- 
sion, and  should  this  be  suddenly  increased  by  the  saw 
striking  some  hard  substance,  fracture  is  the  result ;  or  if 
the  elastic  saw  wheel  covering  is  allowed  to  get  worn  the 
saw  becomes  twisted  in  running  and  breakage  often 
ensues.  This  latter  can  be  avoided  by  arranging  the 
top  saw  wheel  to  cant,  and  so  leading  the  saw  to  any 
part  of  the  periphery,  and  thus  equalising  the  wear  of  the 
rubber  covering.  Should  saws  be  mn  at  too  great  tension, 
the  excessive  friction  rapidly  alters  the  granular  struc- 
ture of  the  steel,  which  becomes  crystallised  and  soon 
cracks  and  fractures. 

7.  In  working  band-sawing  machines  it  is  im- 
portant that  they  should  be  set  in  motion  gradually, 
more  particularly  where  the  wheels  are  of  the  old- 
fashioned  type  and  heavy,  as  it  takes  a  little  time  to 
overcome  the  inertia  of  the  top  saw  wheel,  and  if  the 
power  is  applied  all  at  once  there  is  a  considerable  ten- 
dency to  snap  the  blade  from  the  sudden  strain  put 
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upon  it.  To  overcome  tliis,  striking  or  belt  gear  can 
be  worked  by  means  of  a  very  coarse  screw.  This  can 
also  be  applied  to  the  starting  of  heavy  planing  machines 
with  decided  advantage. 

A  fruitful  cause  of  breakage  of  the  blades  is  the 
overrunning  by  the  top  wheel  of  the  bottom  or  driving 
wheel  of  the  saw,  and  also  of  the  saw  itself.  When  the 
top  saw  wheel  is  running  at  full  speed  it  necessarily 
acquires  a  considerable  momentum,  and  acts  somewhat 
after  the  fashion  of  a  fly  wheel ;  consequently,  when 
the  speed  of  the  saw  blade  is  suddenly  checked  by  its 
entry  into  the  wood  as  it  commences  to  saw,  the 
acquired  momentum  of  the  top  wheel  not  being  checked 
in  a  like  proportion  overruns  the  saw  and  the  driving 
wheel,  and  creeps,  so  to  speak,  up  the  back  of  the  saw, 
and  consequently  buckles  or  breaks  it  at  the  point  of 
resistance,  viz.  where  the  saw  enters  the  wood.  The 
remedy  for  this  is  to  construct  the  top  saw  wheel  as 
light  as  possible,  make  it  in  perfect  balance,  mount  it 
elastically,  and  cover  it  with  a  thick  band — say  |  in. — 
of  vulcanised  indiarubber.  These  arrangements  will 
neutralise  to  a  considerable  degree  the  sudden  strain  put 
on  the  saw  at  starting,  and  largely  obviate  the  over- 
running above  alluded  to. 

8.  Saw  blades  should  in  all  cases  be  slackened  out  after 
finishing  worh.  Notwithstanding  the  small  area  of  the 
blade  in  f  rictional  contact  with  the  wood,  and  the  con- 
stant cooling  action  of  the  air  through  which  the 
saw  passes,  a  considerable  amount  of  heat  is  often 
engendered  in  the  blade,  especially  in  sawing  resinous 
or  difficult  woods.  Consequently,  the  blade  expands 
considerably,  and  the  slack  is  taken  up  by  the  ope- 
rator.   When  the  work  is  over,  and  the  friction  on  the 
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blade  removed,  it  immediately  commences  to  contract. 
Should  it  not  be  at  liberty  to  do  this,  from  the  tension 
not  being  removed,  cracks  at  the  roots  of  the  teeth  are 
the  result ;  consequently,  when  the  saw  is  started  again 
it  flies.  When  rubbers  are  put  on  the  wheels  new  they 
may  give  sufficiently  to  allow  of  the  necessary  contrac- 
tion, but  when  they  become  worn  and  hard  or  where 
leather  coverings  are  used,  the  above  is  usually  the 
result. 

9.  Another  cause  of  the  breakage  of  the  blades  is  an 
improper  method  of  receiving  their  back  thrust.  The 
best  way  to  do  this  has  been  the  subject  of  consider- 
able discussion.  We  prefer  to  fit  revolving  steel  discs 
for  this  purpose,  as  the  back  of  the  saw  blade  does 
not  so  readily  cut  into  them  as  with  fixed  ones.  If  a 
disc  is  allowed  to  get  deeply  grooved,  the  blade  gets 
buckled  and  twisted,  and  often  breaks. 

10.  Imperfect  brazing  is  another  cause  of  breakage. 
To  secure  a  steady  and  even  motion  on  the  saw  blade, 
it  is  important  that  the  brazing  be  carefully  and  neatly 
done  (see  p.  338). 

11.  Chips  may  be  prevented  dropping  between  the 
saw  blade  and  the  bottom  wheel  by  attaching  an  angular 
guard  to  the  frame  of  the  machine. 

12.  No  comment  is  needed  with  respect  to  in- 
sufficient guides. 

13.  The  proper  shape  and  pitch  of  the  teeth  is  a 
matter  of  great  moment  in  the  successful  working  of 
band  saws.  Should  teeth  be  used  unsuited  to  the  wood 
being  cut,  a  largely  increased  friction  on  the  blade  is 
set  up,  the  teeth  are  rapidly  dulled  or  broken,  and  the 
work  turned  out  is  inferior.  For  sawing  all  ordinary 
woods  of  the  Firms  family  ordinary  hand  saw  teeth  are 
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suitable^  except  for  pitch  pine  ;  for  working  this  wood 
coarsely  spaced  and  set  teeth  are  suitable.  We  can 
recommend  for  durability  saws  with  gullet  teeth,  that 
is,  rounded  at  the  root,  as  they  are  less  liable  to  fracture 
than  saws  with  the  roots  running  to  an  angle,  as 
the  fracture  in  the  blade  is  found  almost  invariably 
to  commence  at  the  point  of  this  angle.  Owing, 
however,  to  small  gullet  teeth  being  more  troublesome 
to  sharpen,  the  hand  saw  teeth  are  now  largely  em- 
ployed. For  sawing  oak,  ash,  elm,  and  hard  woods 
generally,  more  teeth  or  points,  say  five  or  six  to  the 
inch,  should  be  used,  and  these  filed  farther  back.  For 
heavy  sawing,  peg  teeth  with  round  gullets  are  to  be 
preferred.  For  woods  of  woolly  fibre,  such  as  English 
poplar,  saws  with  deep  teeth  should  be  used,  with 
coarse  space,  and  set  to  allow  an  easy  clearance  for  the 
sawdust  and  overcome  its  clinging  properties.  Saws  of 
a  width  suited  to  the  work  should  be  used,  and  wide 
saws  should  never  be  twisted  round  sharp  curves,  or 
they  will  buckle  and  run  out  of  truth.  For  straight 
work  a  wider  saw  may  be  used  with  advantage. 

14.  Care  must  be  taken  that  the  saw  teeth  are 
uniformly  set  and  sharpened.  Uneven  and  improper 
setting  causes  a  considerable  amount  of  tension  to  the 
saw  blade,  increased  friction  crystallising  the  steel,  and 
consequent  breakage.  The  teeth  of  band  saws  should 
by  preference  be  set  by  light,  carefully  given  blows, 
instead  of  bending,  which,  unless  very  carefully  per- 
formed, is  more  liable  to  buckle  the  blades  and  prevent 
them  running  true.  Several  little  machines  are  now 
made,  by  which  saws  can  be  accurately  set  to  any 
desired  coarseness  by  a  blow  similar  to  that  given  by  a 
hammer  instead  of  by  a  bending  pressure.  A  band  saw 
sharpening  machine  has  also  been  constructed,  which 
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automatically  sharpens  all  the  teeth  alike.  Bj  im- 
proving the  quality  of  the  work  and  reducing  the  fric- 
tion on^  and  consequent  breakage  of,  the  saw  blades, 
these  machines  should  very  rapidly  earn  their  first  cost. 

15.  The  speed  at  which  the  saw  blade  travels  has 
much  to  do  with  its  cutting  efficiency.  Saws  running 
on  small  wheels,  say,  below  3  ft.  diameter^  cannot  be 
run  with  safety  so  fast  as  on  larger  wheels.  Speaking 
generally^  saw  blades  working  on  wheels  up  to  3  ft. 
diameter  can  be  run  up  to  4,500  ft.  per  minute  for  soft 
and  medium  woods,  that  is,  presupposing  a  well-con- 
structed machine  to  be  used.  For  sawing  hard  woods 
up  to  3,500  ft.  per  minute,  with  saw  wheels  above  3  ft. 
diameter,  these  speeds  may  be  increased. 

16.  We  need  hardly  say  a  bad  workman  may  break 
any  amount  of  saws  by  forcing  them^  bending  them 
edgeways,  using  dull  saws,  or  saws  too  wide  or  stout 
for  the  work,  &c.  If  in  working  a  properly  sharpened 
and  set  blade  should  have  a  tendency  to  bind,  it  pro- 
bably arises  from  insufficiency  of  throat  room  in  the 
teeth.  It  would  be  well,  therefore,  to  try  a  saw  with  the 
teeth  set  a  little  further  apart :  this  will  not  cut  quite 
so  fast,  but  the  sawdust  will  have  time  to  escape,  and 
the  binding  should  be  done  away  with. 

In  concluding  our  remarks  on  working  band  saws, 
there  is  little  doubt  that — given  in  the  first  instance  a 
well-constructed  machine,  a  careful  operator,  and  a  saw 
blade  uniform  in  gauge,  width,  toothing,  sharpening, 
setting,  and  temper — a  band  sawing  machine  is  one  of 
the  most  money-earning  and  valuable  of  all  wood-work- 
ing machines,  not  only  for  the  ordinary  curved  work, 
for  which  it  is  generally  used,  but  for  breaking  down 
heavy  logs. 
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CHAPTEE  XLIII. 

CIECULAE,  SAWS  :  THEIR  ADJUSTMENT  AND 
MANAGEMENT. 

As  good  saws  cannot  run  properly  in  a  bad  raachine,  it 
may  be  as  well  to  consider  briefly,  in  the  first  place, 
what  points  of  construction  are  to  be  desired  in  a  really 
efficient  saw  bench.  In  the  most  advanced  practice  the 
main  frame  is  invariably  made  on  the  ^  box '  system, 
and  cast  in  one  piece,  and  there  is  little  doubt  that 
the  strains  and  vibrations  of  working  are  thus  more 
readily  absorbed  than  is  the  case  where  the  frame  is 
put  together  in  sections.  The  face  and  edges  of  the 
table  must  be  truly  planed. 

We  now  come  to  a  very  important  matter  in  all 
wood-working  machines,  viz.  the  bearings ;  and  we 
cannot  help  thinking  that,  having  in  mind  the  constant 
and  severe  strains  to  which  they  are  subjected,  the 
majority  of  them  in  this  country  are  made  much  too 
short :  the  bearing  surface  is  thus  limited,  and  con- 
sequently the  pressure  on  it  is  very  great.  In  America 
long  bearings  have  been  the  rule  for  years,  and  some 
few  English  firms  are  at  length  introducing  the  system, 
with  the  result  that,  owing  to  the  pressure  being  dis- 
tributed, the  friction  and  consequent  heating  and  wear 
are  reduced  and  their  longevity  largely  increased. 

In  preference  to  white  metal  alloys  as  used  in  the 
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States,  gun-metal  and  phosphor-bronze  are  the  materials 
usually  employed  here,  and  a  bearing  of  from  three  to 
four  diameters  in  length  can  be  recommended.  For  all 
saws  above  30  in.  in  diameter,  three  sets  of  bearings 
should  be  fitted,  one  of  these  being  placed  outside  the 
driving  pulleys  to  overcome  the  pull  of  the  belt.  The 
author  recommended  that  this  latter  bearing  be  made 
adjustable  for  wear  ;  this  can  readily  be  done  by 
dividing  the  bearing  vertically  and  unevenly,  and  by 
passing  set  screws  through  the  side  of  the  pedestal.  In 
large  benches,  at  any  rate,  it  will  be  found  convenient 
to  let  the  bearings  in  from  the  top  of  the  bench  and  fit 
in  false  plates  in  preference  to  fitting  them  in  plummer 
blocks  bolted  to  the  under  surface  of  the  frame.  To 
insure  the  saw  spindle  running  true,  all  bearings 
should  be  bored  out  in  their  places  instead  of  in  a  lathe 
as  is  occasionally  done.  The  saw  spindle  should  be  of 
steel  and  free  from  seams  or  hard  places,  and  fitted 
with  an  adjustable  lock-nut  to  take  up  the  end  wear. 
The  saw  collars  and  steady  pin  should  be  very  care- 
fully made,  and  the  latter  be  an  easy  fit,  or  it  may 
throw  the  saw  slightly  out  of  centre.  The  hole  in 
which  the  pin  is  fitted  should  be  countersunk.  The 
fence  should  be  very  accurately  planed,  arranged  to 
bevel,  and  fitted  with  strips  and  fine  adjustment  screw 
for  accurately  gauging  the  thickness  of  the  cut.  In 
heavy  machines,  a  lever  pressure  roller  and  weight  for 
holding  the  wood  up  to  the  fence  will  be  necessary ; 
and  the  drag-rope,  roller,  chain,  rack,  or  other  feed  for 
taking  the  wood  through  the  saw  is  usually  fitted.  We 
take  it  a  very  important  factor  in  the  efiective  working 
of  circular  saw  benches  is  found  in  the  diameter  and 
width  of  the  driving  pulleys  employed.    Many  of  these 
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are  undoubtedly  made  of  too  small  a  diameter  and  too 
narrow  on  the  face  for  the  work  they  have  to  perform ; 
on  this  point  we  shall  have  something  to  say  further 
on.  These  pulleys  should  be  crowned  on  the  face,  and 
the  pulley  driving  them  flat,  and  of  a  width  equal  to 
both  of  them.  With  reference  to  the  loose  pulleys  on 
saw  benches,  there  is  little  doubt  that  they  are  amongst 
the  most  troublesome  things  in  a  saw-mill  to  keep  in 
order,  and  it  may  not  be  out  of  place  to  say  a  few  words 
thereon.  In  the  first  place,  they  are  not  always  properly 
designed  for  the  work  they  have  to  perform,  the 
same  pattern  being  used  for  all  kinds  of  duty. 

For  use  on  saw  benches,  where  the  speeds  are  high 
and  the  belts  often  heavy,  the  pulleys  should  in  all 
cases  be  bored  and  rhymered  perfectly  true.  If  an 
ordinary  loose  pulley  be  used,  the  boss  should  be 
extended  so  as  to  project,  say,  an  inch  beyond  the  rim 
of  the  pulley ;  the  inside  of  the  boss  should  be  recessed 
and  an  oil  way  cut.  The  pulley  should  fit  the  shaft 
easily  but  not  loosely,  so  as  to  admit  of  a  thin  film  of 
oil  penetrating  between  the  pulley  and  the  shaft,  the 
object  being  for  the  pulley  to  ride  on  the  oil  and  not  on 
the  shaft.  For  use  in  saw  benches,  the  loose  pulley  can, 
with  advantage,  be  made  of  less  diameter  than  the  fast, 
so  that  the  driving  belt  is  relieved  from  strain  when 
not  at  work,  and  has  time  to  recover  its  elasticity ; 
it  is  usual  in  this  case  to  make  the  loose  pulley  with 
an  inclined  flange  leading  up  to  the  fast  pulley  to 
facilitate  the  shafting  of  the  belt.*  The  oil-holes 
should  in  all  cases  be  of  ample  size,  and  either  a 
lubricator  or  pipe  fitted.    The  lubrication  should  be 

•  Saw-mills :  Their  Ari'angement  and  Management.  By  M.  Powis 
Bale. 
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canefuUy  attended  to,  especially  when  the  pulley  is 
new ;  should  it  once  be  allowed  to  seize,  it  will  require 
re-rhymering,  or  it  will  be  constantly  giving  trouble. 
If  properly  fitted  and  lubricated,  cast  iron  makes  an 
excellent  wearing  surface ;  a  little  fine  plumbago  intro- 
duced into  the  oil  will  keep  it  longer  in  the  bearing, 
and  by  filling  up  the  little  pores  in  the  iron,  produce  a 
fine,  smooth  surface.    Should  the  loose  pulley  be  made  " 
of  less  diameter  than  the  tight,  the  difference  should 
not  be  great,  say  not  more  than  1  in.,  or,  in  shifting 
the  belt  from  the  loose  on  to  the  tight,  it  will  become 
unevenly  stretched  on  the  one  side,  and  be  apt  to  run 
out  of  truth.    In  many  cases  it  will  be  found  an 
excellent  plan  to  arrange  the  loose  pulley  to  run  on  a 
sleeve  of  cast  iron.    A  patent  in  this  direction  has  been 
taken  out,  of  which  we  hear  satisfactory  results.  In 
this  plan  the  boss  of  the  loose  pulley  is  somewhat  en- 
larged, and  made  to  revolve  on  a  sleeve  instead  of  on 
the  shaft  itself.    The  pulley  boss  is  recessed  to  form  an 
oil  chamber,  and  the  oil  is  supplied  in  the  usual  way 
through  a  pipe,  and  is  prevented  from  leaving  the  bear- 
ing by  means  of  a  flange  fitted  to  the  end  of  the  boss, 
and  by  the  centrifugal  force  engendered  when  the  pulley 
is  set  in  motion,  which  causes  the  oil  to  fly  immediately 
to  the  largest  diameter,  which  is  the  working  or  rubbing 
face  of  the  sleeve.    Tight  belts,  often  too  narrow  for 
the  work,  are  a  fruitful  cause  of  loose  pulleys  grinding 
on  the  shaft  and  getting  out  of  order.    The  author  has 
recently  patented  a  system  of  bushing  loose  pulleys 
with  glass^  which  has  every  appearance  of  being  highly 
successful.    In  this  case  the  bush  is  crenated  in  such  a 
manner  that  a  supply  of  lubricating  material— of  which 
very  little  is  required — is  retained  in  it. 
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Circular  saws  may  run  out  of  truth  from  a  great 
variety  of  causes,  amongst  which  the  following  are 
perhaps  the  chief,  but  practical  operators  will  be  able 
to  add  to  the  list : — 

1.  Saws  of  too  thin  a  gauge  for  the  work. 

2.  Irregular  setting. 

3.  Improper  form  of  teeth  for  the  work. 

4.  Too  rapid  a  feed  of  the  timber. 

5.  Improper  sharpening  of  the  teeth. 

6.  Teeth  of  an  improper  pitch,  or  with  insuflBcient 
gulley  space  to  allow  sawdust  to  escape  freely. 

7.  Saw  plate  unevenly  '  balanced,'  or  improperly 
hung. 

8.  Saw  becoming  *  buckled '  through  overheating 
from  the  friction  of  the  wood  or  heat  from  bear- 
ings &c. 

9.  Collar  or  steady  pin  of  saw  spindle  out  of  truth. 

10.  Saw  plate  of  too  mild  a  temper  or  untruly 
ground. 

11.  Saw  not  compensated,  hammered,  or  distorted 
enough  when  cold — by  the  maker — to  run  true  when 
warm  and  at  its  full  speed. 

12.  Too  much  '  lead'  or  rake  on  the  saw  teeth. 

13.  Saw  teeth  allowed  to  get  out  of  space  or  shape. 

14.  Too  long  a  saw  guide  or  fence,  causing  binding 
of  the  wood. 

15.  Improper  packing  of  the  saw. 

16.  Binding  of  the  timber  through  not  being 
'  opened  out '  as  it  leaves  the  saw,  or  other  causes. 

17.  Chips  getting  between  saw  and  packing  pieces. 

18.  Through  end  play  on  the  spindle. 

19.  Driving  pulley  on  the  saw  spindle  being  of  too 
small  diameter,  or  too  narrow  on  face,  causing  slipping 
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of  belt  and  consequent  marking  on  the  wood,  or  run- 
ning driving  belts  at  too  short  centres. 

20.  Using  a  *  frozen  '  saw. 

21.  Saws  running  at  too  high  or  too  low  a  speed. 

1.  The  thinness  of  the  gauge  at  which  a  saw  may 
be  safely  run  depends  in  a  large  measure  on  the  nature 
of  the  wood  being  cut  and  the  skill  of  the  operator  in 
selecting  the  right  shaped  tooth,  sharpening  and  '  pack- 
ing '  the  saw  properly,  and  keeping  it  in  what  may  be 
termed  scientific  order.  In  America  thick  gauge 
'  distorted '  saws,  run  with  guide  pegs,  but  without 
packing,  have  been  the  fashion,  but,  as  this  means 
loss  of  power  and  wood,  they  will,  as  wood  becomes 
dearer,  doubtless  give  way  in  favour  of  thinner  ones. 
In  selecting  a  saw,  what  is  required  is  one  of  a  gauge 
not  so  thick  as  to  waste  unnecessarily  power  or 
wood,  or  so  thin  as  to  give  constant  trouble  to  keep 
in  order.  It  must  also  be  borne  in  mind  that  the 
thinner  the  gauge  of  the  saw,  the  more  teeth  will 
be  required  to  allow  of  the  same  amount  of  feed ;  the 
power  required  will,  however,  be  increased  in  ratio.  A 
thick  saw  can  be  run  at  a  higher  speed  than  a  thin  one, 
as  it  expands  less  rapidly  from  the  centrifugal  force  set 
up,  and  is  less  likely  to  become  '  rim  '  or  '  centre  ' 
bound. 

2.  Irregular  setting  is  a  frightful  cause  of  saws 
running  from  the  line  and  turning  out  bad  work.  Set- 
ting by  rule  of  thumb  is  a  stupid  and  wasteful  plan  ;  in 
all  cases  a  gauge  should  be  used,  whether  spring, 
hammer,  or  spread  setting  be  employed.  In  working, 
it  is  found  that  the  teeth  of  a  saw  wear  at  the  side  of 
the  points,  and  if  some  teeth  have  more  set  than  others, 
these  are  strained  unduly,  and  rapidly  worn  away,  and 
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from  the  severe  and  uneven  friction  are  often  heated, 
and  are  inclined  to  buckle  and  run  from  the  line.  The 
operator  must  exercise  his  judgment  as  to  the  amount 
of  set  required  to  suit  different  kinds  or  conditions  of 
wood,  as  it  is  both  useless  and  wasteful  to  give  a  saw 
more  set  than  is  absolutely  necessary.  Care  must  be 
taken  that  both  sides  of  the  saw  are  set  alike ;  should 
one  be  set  more  than  the  other  the  teeth  will,  of  course, 
lead  or  run  from  the  line. 

3.  If  teeth  of  an  improper  form  or  unsuited  to  the 
nature  of  the  wood  being  cut  are  used,  we  need  hardly 
say  that  a  great  amount  of  friction  is  set  up ;  in  some 
cases  the  teeth  are  broken,  and  the  result  is  in  every 
way  unsatisfactory.  Teeth  of  almost  any  shape  and  in 
any  condition  can  be  driven  through  the  wood  by  sheer 
force,  but  this  is  mangling,  not  sawing.  What  is  re- 
quired are  teeth  of  the  correct  shape  for  the  nature  of 
the  wood  sawn,  and  equal  in  pitch,  space,  bevel,  gullet, 
length,  and  set.  This  list  may  appear  a  long  one,  but 
users  will  find  that  any  reasonable  amount  of  time 
spent  in  keeping  saws  in  fine  condition,  and  working 
them  in  a  scientific  manner,  is  a  very  paying  investment, 
the  result  being  more  work  of  better  quality,  less  wear 
and  tear  and  expenditure  of  power.  The  question  of 
the  shape  and  cutting  action  of  saw  teeth  is  a  scien- 
tific matter  of  much  importance  to  timber  converters, 
but  it  would  require  many  drawings  and  much  space  to 
discuss  the  subject  fully.  We  may  say,  speaking 
generally,  that  for  cutting  soft  wood  the  angles  of  the 
teeth  should  be  more  or  less  acute^  according  to  its 
softness,  and  those  for  medium  and  hard  wood  more 
obtuse  in  ratio  to  the  varying  densities  of  the  wood. 
It  may  be  some  little  guide  to  know  that  when  a  saw  is 
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cutting  ^  sweetly '  it  should  produce  extremely  minute 
chips  like  those  from  a  mortise  chisel,  and  not  very  fine 
sawdust;  if  the  latter  is  made  the  saw  is  scraping,  not 
cutting.  Whatever  teeth  are  selected,  should  they 
spring  or  tremble  in  work,  it  may  safely  be  concluded 
that  they  are  unsuited  to  the  work  in  some  way, 
possibly  either  too  long  or  too  hooked,  or  of  too  thin  a 
gauge. 

4.  Too  rapid  a  feed  of  the  timber  is  a  matter  that 
can  only  be  judged  by  the  sawyer,  and  depends  entirely 
on  the  nature  and  condition  of  the  wood  being  cut,  the 
kind  of  feed  gear,  and  the  condition  of  the  saw.  Of 
course  no  one  would  attempt  to  feed  hard,  frozen,  or 
difficult  wood  much  more  than  half  as  fast  as  soft,  and 
some  woods,  such  as  cocus,  rosewood,  &c.,  at  less  than 
this.  If  the  feed  is  too  fast,  the  timber  will  often  rise 
up  the  back  of  the  saw,  and  in  some  cases  the  sawyer 
will  get  a  gentle  reminder  by  having  it  thrown  at  him, 
or  the  saw  will  become  jammed  and  buckled,  or  the 
driving  belt  thrown  off.  '  Swaged '  or  spread  set  teeth 
will  stand  a  quicker  feed  than  spring  set. 

5.  An  immense  variety  of  opinions  exist  as  to  what 
is  the  proper  way  to  sharpen  a  saw,  almost  every 
operator  having  ideas  of  his  own,  good,  bad,  and  in- 
different, chiefly  the  last  two ;  consequently  we  find  an 
immense  quantity  of  badly  and  improperly  sharpened 
saws.  We  ourselves  thoroughly  believe  in  sharpening 
with  a  machine  with  which  there  is  no  difficulty 
in  getting  each  tooth  of  the  saw  alike  in  its  cutting 
angle,  pitch  and  depth  of  gullet.  The  great  point  to 
aim  at,  whether  emery  wheels  or  files  are  used,  is  to 
sharpen  each  tooth  so  that  it  will  take  its  allotted  share 
of  work ;  to  effect  this,  the  cutting  angles  of  the  teeth 
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must,  together  with  the  set,  be  exactly  uniform.  It  is 
impossible,  however,  to  properly  describe  the  operation 
of  sharpening  in  writing  without  an  elaborate  system 
of  drawings.  To  keep  all  the  teeth  uniform  we  can 
strongly  recommend  the  use  of  sheet  steel  standard 
templates  of  several  teeth;  by  mounting  these  in  a 
light,  adjustable,  radial  arm,  fixed  on  the  sharpening 
stud,  and  made  to  bear  flat  against  the  saw  plate  at  the 
periphery,  the  exact  shape  and  depth  of  the  teeth  can 
be  obtained  from  the  template  by  traversing  the  saw 
round  by  hand. 

6.  A  fruitful  cause  of  saws  buckling  and  running 
from  the  line  is  the  insufficiency  of  throat  space  in  the 
teeth;  consequently  the  sawdust  cannot  escape  fast 
enough,  and  becomes  clogged.  The  teeth  should  also 
be  all  of  equal  length  ;  if  not  the  longest  teeth  get  the 
most  work,  and  the  cutting  power  of  the  saw  much 
lessened.  The  length  of  the  teeth  should  be  regulated 
by  the  nature  of  the  wood  being  sawn ;  for  instance, 
for  sawing  sappy  or  fibrous  woods,  long,  sharp  teeth  are 
necessary,  but  these  must  not  be  too  long  or  they  spring? 
aud  perhaps  break  in  work.  The  author  is  of  opinion 
that  many  of  the  saws  in  use  in  Europe  carry  too  many 
teeth,  and  he  is  in  favour  of  the  American  system  of 
using  fewer  teeth— if  not  carried  to  excess — as  more 
throat  space  is  given  to  the  clearance  of  the  sawdust, 
and  less  power  is  required  to  drive.  The  throat  space 
of  saw  teeth  should  be  varied  according  to  the  depth  of 
the  wood  being  cut,  as  it  will  be  seen  at  a  glance  that 
teeth  with  a  sufficient  throat  space  to  allow  sawdust  to 
escape  freely  in  sawing  18  in.  deep  would  probably  be- 
come jammed  in  sawing  double  that  depth. 

For  gulleting,  an  emery  wheel  is  much  to  be  pre- 
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ferred  to  a  fly  press  ;  the  latter  is  wasteful  and  apt  to 
spring  the  plate  when  punching  out  deep  gullets.  If  a 
saw  is  kept  in  good  order^  and  the  teeth  are  not  allowed 
to  get  short  and  stumpy,  very  little  guUeting  should  be 
required  at  one  time ;  in  fact,  the  gulleting  press  should 
be  conspicuous  by  its  absence,  and  only  be  used  for 
retoothing  broken  saws. 

7.  In  hanging  a  saw  care  should  be  taken  that  it 
does  not  fit  too  tightly  on  the  saw  spindle  or  bind  the 
steady  pin.  A  saw,  when  properly  hung,  should,  in  the 
horizontal  line,  incline  very  slightly  towards  the  timber, 
so  that  the  teeth  at  the  back  of  the  saw  may  rise 
without  scoring  the  wood.  The  saw  should  be  perfectly 
in  balance,  that  is,  ^perfectly  round ;  if  it  has  teeth  of 
unequal  length,  size,  or  shape,  it  is  not  properly  or 
scientifically  balanced. 

8.  A  very  common  cause  for  saws  running  untrue 
is  the  heat  conveyed  from  the  bearings  through  the 
saw  spindle  to  the  eye  of  the  saw,  and  many  plans  to 
get  rid  of  this  have  been  tried.  It  arises,  of  course,  in 
the  first  place  from  the  bearings  being  out  of  order, 
screwed  up  too  tight,  or  from  driving  with  too  narrow 
a  belt,  which  has  to  be  strained  too  tightly,  or  from 
running  at  too  short  centres,  which  also  necessitates  a 
tight  belt ;  thus  undue  strain  and  friction  are  put  on 
the  bearings  and  heat  engendered.  These  defects  can 
usually  be  remedied  without  much  trouble.  Many 
schemes  for  keeping  the  saw  spindle  cool  have  been 
tried,  including  one  in  which  it  is  made  hollow,  and  a 
stream  of  water  allowed  to  pass  through  it  and  escape 
at  the  collar  on  both  sides  of  the  saw,  the  centrifugal 
force  distributing  it  over  the  surface  of  the  plate.  To 
this  spindle  is  fitted  a  contrivance  for  relieving  the  saw 
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and  allowing  a  little  end  play  when  necessary,  and 
when  the  saw  is  through  the  cut  the  end  play  is  taken 
up  automatically  by  means  of  a  weighted  lever  and 
knuckle-joint  arrangement.  For  sawing  pitch  pine 
and  gummy  woods  which  clog  the  saw  plate,  this  plan 
of  lubricating  with  water  should  be  decidedly  useful,  as 
it  keeps  the  saw  clean  and  cool,  and  it  may  consequently 
be  run  with  less  set.  With  the  same  object  in  view 
the  author  ,has  recently  constructed  a  new  form  of 
ventilating  bearing,  through  which  a  steady  current  of 
air  passes ;  this  has  been  tried,  with  very  satisfactory 
results.  A  saw  spindle  has  also  been  patented,  in 
which  the  collars  are  arranged  with  a  circular  groove, 
and  several  rows  of  curved  grooves  extending  to  the 
periphery;  when  the  spindle  is  in  motion  a  current  of 
air  enters  into  the  circular  grooves  and  escapes  at  the 
holes  at  the  sides  of  each  collar,  thus  acting  somewhat 
after  the  fashion  of  a  fan,  and  keeping  the  saw  spindle 
cool.  It  is  needless  to  say  especial  care  should  be 
given  to  the  matter  of  lubrication.  Get  an  oil  with 
plenty  of  grease  in  it,  and  add  one  part  of  finely 
powdered  plumbago  to  three  parts  of  oil,  and,  with 
properly  constructed  bearings,  little  trouble  should  be 
experienced  in  keeping  them  from  heating. 

9.  Bear  in  mind  if  the  collar  of  a  saw  spindle  is  only 
slightly  out  of  truth,  this  is  multiplied  considerably  in 
a  saw  of  large  diameter.  Again,  a  seamy  saw  spindle 
with  a  bit  of  metal  torn  up  is  enough  to  throw  a  saw 
out,  or  if  packing  is  used  between  the  collars,  and  it 
is  rucked  up  or  uneven,  it  will  have  the  same  result. 
Saws  are  often  blamed  for  cutting  untrue,  when  the 
fault  lies  with  the  collars  or  pins.  The  side  of  the  saw 
nearest  the  wood  should  be  constantly  tried  with  a 
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straight-edge,  and  should  it  be  found  to  bulge  in  the 
centre,  it  will  probably  arise  from  the  saw  collars  being 
out  of  truth,  or  improperly  concaved.  The  collars 
should  be  carefully  tried  with  a  straight-edge,  and  any 
inequalities  or  lumps  removed.  If  the  collar  attached 
to  the  saw  spindle — that  is,  the  one  nearest  the  wood 
— is  perfectly  flat,  have  it  removed  and  slightly  con- 
caved, when  the  bulge  in  the  saw  plate  will  probably 
disappear.  Inequalities  in  the  saw  collars  may  be  tem- 
porarily remedied  by  introducing  one  or  more  paper 
or  thin  leather  washers  between  them  and  the  saw 
plate.  If  a  saw  should  permanently  buckle  or  bulge 
even  slightly,  from  any  cause,  it  should  be  at  once 
hammered,  as  by  use  the  trouble  will  be  increased,  and 
be  more  difiicult  to  remedy.  A  skilful  sawyer  can  tell 
by  trying  a  saw  with  his  fingers  when  running 
whether  it  is  buckled  or  out  of  truth,  even  if  it  be  only 
slight. 

10.  This  rests  with  the  saw-maker.  All  circular 
saws  should  be  made  of  the  finest  quality  of  steel,  com- 
bining, as  far  as  possible,  toughness  with  hardness,  be 
uniform  in  temper  and  gauge,  and  be  ground  on  a  face 
plate.  It  is  important  also  that  the  saw  be  scientifically 
hammered,  so  that  the  tension  or  strain  is  properly  dis- 
tributed. *  Cheap  '  (?)  common  saws — in  fact,  all  kinds 
of  woodcutting  tools — are  dear  at  any  price.  No  pro- 
fessional workman  will  be  troubled  with  them,  and  no 
opportunity  should  be  lost  of  warning  the  amateur 
against  purchasing  inferior  articles,  which  will  only  be 
a  source  of  trouble  and  vexation  to  him  as  long  as  he 
continues  to  use  them. 

11.  No.  11  also  rests  with  the  saw-maker  to  a  con- 
siderable extent,  but  not  entirely,  as  the  speed  at  which 
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the  saw  is  run  should  determine  the  amount  of  distor- 
tion necessary.  Thus  a  saw  may  be  hammered  to  run 
perfectly  true  at  a  slow  rate  of  speed,  say  6,000  ft.  per 
minute,  but  if  this  is  quickened  up  to  the  standard 
speed,  say  9,000  ft.  or  10,000  ft.  per  minute,  it  may 
become  wavy  and  pliant,  and  run  out  of  truth.  It 
therefore  follows  that,  if  saws  are  to  be  run  at  any 
unusual  speed,  the  saw-maker  should  be  so  informed, 
that  they  may  be  distorted  or  hammered  to  a  suitable 
tension,  and  the  tension  uniformly  distributed.  If  a 
saw  is  distorted  too  much,  either  at  the  teeth  or  centre, 
it  will,  when  subject  to  improper  usage  and  the  friction 
of  sawing,  become  '  rim-bound  '  or  *  dished ; '  hence  the 
importance  of  a  perfectly  adjusted  saw  to  commence 
with,  and  the  absurdity  of  expecting  fine  work  from 
a  cheap  saw.  It  is,  of  course,  apparent  that  the  rim 
of  a  circular  saw  runs  faster  than  the  eye,  and  conse- 
quently heats  and  expands  faster.  To  overcome  this 
unequal  expansion,  and  allow  the  saw  to  expand  equally 
and  run  true  when  in  work,  additional  heat  is  created 
in  the  centre  by  means  of  *  packing '  in  this  country, 
whilst  in  America  the  same  end  is  attained  by  distort- 
ing the  saw  to  a  greater  extent  when  hammered  by 
the  maker. 

12.  In  sharpening  saw  teeth  with  a  hook  to  them, 
such  as  is  found  in  the  different  forms  of  gullet  and 
briar  teeth,  care  must  be  taken  that  too  much  '  rake '  is 
not  given  to  the  teeth,  or  they  will  be  found  to  tremble 
in  work,  dig  into  and  draw  the  wood,  and  run  from  the 
line ;  of  course,  some  woods  will  stand  more  rake  on 
the  saw  than  others. 

13.  Allowing  teeth  to  get  out  of  space  will,  in  some 
cases,  make  a  saw  run  untrue ;  say,  alternate  spaces 
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set  wider  than  the  others ;  the  teeth  following  those 
spaces  have  more  work  put  upon  them,  and  being  set 
all  one  way— say,  to  the  right— they  naturally  pull 
hardest  into  the  wood  in  that  direction,  consequently 
the  saw  runs  to  the  right.  Hence  the  necessity  of 
keeping  all  the  teeth  uniform  in  space.  This  can 
readily  be  done  by  using  an  adjustable  sheet  steel 
template  shaped  to  the  teeth  in  sharpening. 

14.  The  author  is  of  opinion  that  a  not  by  any 
means  unusual  cause  of  a  saw  jamming  and  buckling  is 
the  use  of  too  long  a  saw  guide  or  fence,  so  that  the 
timber  becomes  crowded  against  it  and  has  not  room 
to  open  out.  A  fence  for  rip  saw  should  not,  as  a  rule, 
project  above  three  or  four  inches  beyond  the  roots  of 
the  saw  teeth  unless  very  thin  stuff  is  being  sawn. 
For  sawing  deals  &c.  some  makers  now  fit  friction 
rollers  in  the  fences,  arranged  to  project  slightly  beyond 
the  face  of  the  plate. 

15.  The  proper  *  packing'  of  a  saw,  unless  of  very 
thick  gauge,  is  a  matter  of  paramount  importance  in  its 
effective  working.  The  object  of  packing,  in  addition 
to  supporting  and  lubricating  the  saw,  is  to  allow  it  to 
expand  equally  from  the  friction  or  heat  created  by  the 
packing  rubbing  against  it.  To  insure  this  it  is  very 
necessary  that  the  saw  is  packed  evenly  and  equally. 
The  plan  generally  pursued  in  this  country  is  to  screw 
pieces  of  wood  to  the  finger-plate,  and  below  the  saw 
table  on  either  side  of  the  saw,  the  wood  being  rebated 
to  allow  the  hemp  gasket,  or  other  fibrous  material, 
charged  with  grease,  to  be  packed  in  tightly  on  either 
side.  There  are  a  right  way  and  a  wrong  way  of  doing 
even  this  simple  operation,  and  care  should  be  taken 
that  the  packing  is  put  in  evenly,  and  bears  uniformly 
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and  without  undue  pressure  on  both  sides  of  the  front 
half  of  the  saw.  However,  in  preference  to  the  above, 
we  can  strongly  recommend  the  following  simple  plan  : 
Take  either  two  pieces  of  hoop  iron  or  strips  of  hard 
wood  of  the  length  of  the  saw  from  the  teeth  to  the 
eye,  and  of  a  width  that  will  reach  not  quite  flush  with 
the  top  of  the  table  ;  then  take  some  flax  or  rope  yarn 
and  lap  it  evenly  round  the  strips  from  end  to  end  till 
they  are  made  thick  enough  to  fill  the  packing  space 
and  bear  evenly  and  not  tightly  against  the  whole  front 
half  of  the  saw  plate  up  to  the  spindle. 

Instead  of  packing  the  back  half  of  the  saw,  as 
some  do,  take  two  small  discs  of  leather  and  attach  them 
to  the  wooden  packing  pieces  which  are  fitted  to  the 
frame  of  the  bench,  so  that  they  bear  on  either  side  of 
the  saw  at  the  back  and  near  the  rim  or  roots  of  the 
teeth,  and  so  steady  and  guide  it.  It  is  a  mistake  to 
use  much  oil  in  the  packing,  as  this  is  wasteful  and 
unnecessary.  The  above  will,  we  think,  be  found  a 
decided  improvement  over  the  plan  generally  pursued — 
of  ramming  down  packing  on  either  side  of  the  saw, 
as  this  is,  at  the  best,  uncertain,  as  should  the  packing 
be  tighter  at  one  point  than  another,  or  should  it  be 
lumpy,  the  friction  on  the  saw  plate  is  uneven,  and  it 
will  often  cause  it  to  run  *  wavy '  and  out  of  truth. 

16.  In  sawing  woolly-fibred  and  difiicult  timber 
special  means  should  be  taken  to  open  them  out  as  they 
leave  the  saw.  This  is  usually  done  by  the  sawyer  with 
wedges  driven  into  the  kerf  by  hand  :  this  is  often 
neglected,  thereby  causing  many  a  saw  to  jamb  and 
buckle.  To  obviate  this,  the  use  of  a  revolving  opening 
wedge  can  be  recommended ;  this  should  be  fixed  im- 
mediately behind  and  in  the  same  line  as  the  saw. 
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The  wedge  should  be  made  preferably  of  steel,  circular 
in  form,  and  say  half  an  inch  thick  at  its  centre,  tapered 
down  to  a  blunt  edge  at  its  circumference,  its  diameter 
being  regulated  by  the  size  of  the  saw.  It  can  either 
be  arranged  to  project  through  the  face  of  the  bench, 
or  be  mounted  on  centres  at  the  end  of  a  lever,  and 
suspended  behind  the  saw.  The  wedge  as  it  enters  the 
cut  is  revolved  by  the  friction  of  the  wood,  and  thus 
relieves  the  saw  from  a  considerable  amount  of  side 
friction.  Instead  of  a  revolving  wedge  a  fixed  steel 
spreading-knife  or  wedge  can  be  employed ;  in  any  case 
something  of  the  kind  is  certainly  to  be  recommended, 
as  it  tends  to  relieve  the  saw  considerably,  and  is  always 
there  when  wanted. 

18.  End  play  on  the  saw  spindle  should  be  pre- 
vented; this  can  be  done  by  means  of  an  adjustable 
lock-nut. 

19.  The  use  of  driving  pulleys  too  small  in 
diameter  and  too  narrow  on  the  face  is  a  fruitful  cause 
of  saws  buckling^  on  account  of  the  heat  set  up  in  the 
bearings  through  the  use  of  narrow  belts^  which  have 
to  be  strained  excessively  tight  to  drive  ;  consequently, 
the  undue  pressure  and  friction  on  the  bearings  cause 
excessive  heat,  which  is  conveyed  through  the  spindle 
to  the  saw  plate.  At  the  same  time  the  belts  themselves 
very  much  more  rapidly  deteriorate.  Wide  single  belts 
are  to  be  preferred  to  narrow  double  ones.  In  Ame- 
rican practice  the  pulleys  for  driving  circular  saws 
are  made  somewhat  larger  in  diameter  and  much  wider 
on  the  face  than  they  are  here  ;  consequently,  the  arc 
of  contract,,  grip  of  the  belt,  and  driving  power  are  in- 
creased and  the  slip  largely  reduced. 

Although  we  are  aware  that  they  are  considerably 
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wider  than  most  of  those  in  use  here^  it  may  be  taken 
as  a  good  and  safe  rule  that  pulleys  on  saw  benches 
carrying  saws  up  to  say  4  ft.  diameter  should  have 
driving  pulleys  wide  enough  to  carry  belts  of  a  width  of 
one-fourth  the  diameter  of  the  saw^  and  for  saws  above 
4  ft.  in  diameter  a  belt  of  one-third  the  diameter  of  the 
saw  may  be  used  with  advantage.  Anything  extra  in 
the  cost  of  pulleys  or  belts  is  rapidly  repaid  by  an  in- 
crease of  work  of  better  quality  than  can  possibly  be 
obtained  with  narrow  belts;  at  the  same  time  the 
bearings  and  belts  themselves  last  longer.  With  wide 
belts  the  necessity  of  using  '  quack '  remedies  for  in- 
creasing the  grip,  which  often  damages  the  belt,  is 
done  away  with ;  it  is  necessary,  however,  to  keep  the 
belts  pliant,  and  this  can  be  done  by  an  occasional 
dressing  of  mutton  fat  and  beeswax  in  equal  parts. 
Castor  oil  is  not  by  any  means  a  bad  dressing  for 
leather,  and  it  renders  it  vermin-proof.  In  driving 
saw  benches,  in  fact  all  wood-working  machines,  run- 
ning belts  at  short  centres  must  be  avoided,  as  it  is  bad 
in  every  respect,  and  greatly  increases  the  troubles  of 
hot  bearings,  torn  belts  &c.  above  alluded  to. 

20.  English  users  of  circular  saws  may  possibly 
smile  at  the  idea  of  a  '  frozen '  saw,  as  we  are  not  as  a 
rule  blessed  with  very  cold  weather  in  this  country,  but 
even  a  moderate  amount  of  frost  has  a  very  distinct 
effect  in  many  cases  on  the  working  of  circular  saws, 
especially  should  they  be  of  thin  gauge.  In  cold  coun- 
tries, or  in  very  cold  weather,  the  effect  is  so  great 
from  the  contraction  of  the  plate  at  its  smallest  part? 
i.e.  the  eye,  that  the  saw  will  become  '  rim  bound,' and 
not  turn  true  till  the  frost  has  been  taken  out  of  it  by 
friction,  or  by  a  dose  of  hot  water. 
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21.  The  question  of  speed  is  a  factor  of  immense 
importance  in  the  proper  working  of  circular  saws ; 
should  they  be  run  either  too  fast  or  too  slow  the  result 
is  equally  unsatisfactory.  In  the  first  case  the  saw 
becomes  pliant  and  wavy,  and  in  the  latter  the  work 
turned  out  is  of  bad  quality  and  less  of  it.  For  ripping 
all  ordinary  kinds  of  wood  a  speed  of  9,000  ft.  per 
minute  at  the  points  of  the  teeth  is  now  generally 
recognised  as  a  standard  speed  in  this  country.  This 
can,  however,  in  the  case  of  cross  cutting,  be  increased 
with  advantage  another  1,000  ft.  per  minute.  In  saw- 
ing very  hard  woods  the  speed  of  the  saw  should  be 
somewhat  reduced,  say  about  one-fourth.  By  using 
thick  gauge  saws,  and  therefore  wasting  wood  and 
power_,  higher  speeds  than  these  may  be  attained. 

We  will  conclude  our  remarks  on  working  saw  benches 
with  a  few  gentle  hints  (some  of  these  may  not  be  new, 
but  we  take  it  they  will  bear  repetition  in  some  establish- 
ments we  wot  of).  If  a  saw  bench  is  used  for  small  and 
large  saws,  occasionally  the  latter  will  run  untrue,  from 
going  at  too  high  a  speed.  For  quick  rough  sawing  a 
swaged  set  tooth  has  much  to  commend  it,  especially 
with  tough  and  difiicult  woods  and  large  saws,  as  they 
are  much  less  liable  to  be  strained  than  if  set  with  a 
blow  or  spring  set.  In  sawing  difficult  woods  they  are 
liable  to  spring  away  from  the  saw  considerably  in  the 
centre  of  the  log ;  consequently  the  boards  sawn  are 
thicker  at  each  end.  To  obviate  this,  instead  of  sawing 
in  the  usual  way  all  from  one  side,  a  cut  should  be 
taken  alternately  from  each  side  of  the  log ;  this  will 
keep  the  boards  uniform.  Should  a  saw  crack  in  work- 
ing, to  prevent  a  short  crack  from  extending,  drill  a 
small  hole  at  the  end  of  it. 


WOOD-WORKING  MACHINERY. 


For  ripping  purposes  most  of  the  filing  or  saw- 
sharpening  should  be  done  on  the  face  or  front  of  the 
teeth ;  the  backs  or  tops  should  be  scarcely  touched  at 
all.  The  face  of  the  tooth  should  never  be  filed  to  a 
fine  edge,  but  a  very  slight  bevel  should  be  left.  A 
round  gulleted  tooth  is  less  liable  to  crack  than  one  filed 
to  an  angle.  In  gulleting  with  emery  wheels  work  with 
a  light  pressure,  and  if  necessary  go  over  the  teeth 
several  times ;  if  the  wheel  is  forced  and  the  saw  plate 
burnt  it  is  much  more  liable  to  fracture.  In  filing 
teeth  for  swage  setting  make  them  sufficiently  hooked 
at  the  points  that  the  swage  will  readily  spread  them, 
also  be  sure  that  the  points  of  all  the  teeth  are  wider 
than  the  rest  of  the  blade ;  the  tops  and  backs  of  swage- 
set  teeth  should  be  filed  square  across.  In  bending  or 
spring  setting  always  use  a  gauge  ;  in  setting  saws  with 
a  blow  or  spring  set,  care  should  be  taken  that  the  teeth 
only  are  set  say  about  one-third  of  their  depth,  and  that 
the  plate  itself  is  not  strained,  or  it  will  be  found  to 
heat  rapidly  when  in  work  and  lun  out  of  truth. 

In  filing  saws,  file  every  alternate  tooth  from  one 
side  of  the  saw,  then  reverse  it,  and  file  from  the  other 
side ;  never  file  all  the  teeth  from  one  side  of  the  saw, 
and,  if  it  is  spring  set,  set  after  the  same  fashion.  If 
in  working  the  saw  heats  at  the  rim,  and  the  teeth  are 
of  the  right  shape  for  the  wood  and  properly  sharpened 
and  set,  hang  or  line  the  saw  to  lead  very  slightly  out 
of  the  wood.  If  the  saw  should  heat  at  the  centre  and 
the  spindle  and  bearings  are  cool  and  in  proper  order, 
reverse  the  above  and  let  the  saw  lead  into  the  wood  a 
little. 

For  thin  sawing,  such  as  light  box  work,  frame 
backings,  &c.,  a  'ground-off'  saw  can  be  recommended 
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to  effect  a  very  considerable  saving  in  wood,  and,  if 
carefully  sharpened  and  handled,  will  do  very  excellent 
work. 

For  very  accurate  dimension  sawing,  such  as 
pattern- work,  &c.,  a  saw  *  ground  hollow  '  on  both  sides 
and  run  without  set  can  be  used  with  advantage,  as  it 
will  cut  extremely  true  and  leave  a  fine  surface. 

If  timber  carriages  and  rails  are  used  for  bringing 
the  wood  up  to  and  taking  it  from  the  saw,  it  is  im- 
portant that  they  be  fixed  to  run  exactly  true  with  it. 
Should  the  wood  be  presented  to  the  saw  even  at  a  very 
slight  angle^  this  is  multiplied  to  a  considerable  extent 
in  a  long  log,  and,  if  the  cut  be  once  commenced,  a  very 
considerable  leverage  must  be  put  upon  the  saw  to  keep 
it  anything  near  the  line. 

When  having  saws  hammered,  be  sure  they  are 
placed  in  competent  hands;  we  have  seen  saws  that  have 
been  hammered  by  so-called  experts  that  might  have 
been  better  done  by  a  blacksmith's  striker. 

For  guarding  circular  saws  and  preventing  accidents 
we  can  recommend  the  following  arrangement :  Make  a 
shield  of  sheet  steel  formed  as  an  arc  of  a  circle,  and 
against  the  saw  ;  the  shield  rises  before  it  and  rests  on 
the  top  of  it  till  the  cut  is  completed,  when  the  counter- 
poise brings  it  back  to  its  original  position.  It  is  im- 
portant that  the  driving  power  be  uniform  in  its  speed ; 
if  there  is  much  variation,  the  quality  of  the  work  will 
vary  accordingly. 
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CHAPTER  XLIV. 

NOTES  ON  SAW  SETTING. 

In  very  few  things  is  there  more  difference  of  opinion 
than  in  sharpening  and  setting  saws.  On  the  present 
occasion  we  propose  to  discuss  briefly  the  different 
methods  of  setting,  noticing  some  of  the  advantages 
and  disadvantages  of  each  method. 

Swage  Setting. — Swage  setting — called  also  '  upset- 
ting,' 'jumping,' and '  spreading ' — is  more  largely  prac- 
tised in  America  than  in  this  country.  In  this  case  clear- 
ance is  obtained  for  the  saw  by  widening  the  points  of 
the  teethj  usually  by  means  of  a  crotch  punch  arranged 
with  two  V  notches,  which  are  driven  on  to  the  points 
of  the  teeth  by  a  hammer  or  weight.  The  second 
notch  in  the  punch  is  rounded,  and  spreads  the  teeth 
points  out.  We  think  this  plan,  especially  for  circular 
saws  of  stout  gauge,  has  much  to  commend  it,  more 
especially  if  the  wood  is  cross-grained  and  knotty,  as 
swaged  teeth  will  stand  up  to  the  work,  while  spring- 
set  teeth  are  apt  to  dodge  the  knots.  Swaged-set  teeth 
will  also  stand  a  quicker  feed  than  spring-set,  all  things 
being  equal ;  they_,  however,  take  more  power  to  drive 
— probably  about  20  per  cent. — and  unless  the  setting 
is  carefully  done  ridge  marks  are  left  on  the  log.  We 
think  swage  setting  is,  on  the  wholOj  more  adapted  for 
soft  than  hard  wood. 
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It  is  claimed  by  the  users  of  swage-set  teeth  that 
swaging  condenses  and  hardens  the  steel  at  the  points 
of  the  teeth ;  but  if  this  is  so,  with  saws  correctly  tem- 
pered it  would,  we  take  it,  be  likely  to  be  detrimental, 
and  cause  the  points  to  crumble.  Another  trouble 
found  in  swage  setting  is  the  difficulty  of  getting  per- 
fect uniformity  of  set,  without  which  no  saw  can  be 
pronounced  to  be  in  first-rate  cutting  condition.  Swage 
setting  does  not  sharpen  the  teeth  of  the  saw,  as  some 
may  suppose. 

When  a  saw  is  set  or  spread  by  means  of  a  punch 
and  a  blow  from  a  hammer,  care  should  be  taken  that 
the  points  of  the  teeth  only  are  spread,  and  that  the 
tooth  itself  is  not  bent  or  strained,  and  that  the  blow 
given  and  the  hammer  used  are  not  too  heavy.  The 
teeth  should  be  carefully  tried  with  a  straight-edge  on 
both  sides  and  points,  and  be  exactly  in  line.  In  swage 
setting,  should  a  tooth  point  be  broken  by  striking  a 
nail,  it  can  be  lengthened  slightly  by  raising  the  punch 
or  swage  when  in  the  act  of  setting  the  tooth,  and  the 
point  of  the  tooth  will  be  upraised,  and,  if  not  too  much 
broken,  will  take  its  share  of  duty  with  the  rest.^ 

To  '  spread '  set  all  the  teeth  as  nearly  as  possible 
alike  with  a-  crotch  punch,  it  is  necessary  to  regulate 
to  a  nicetj  the  weight  or  strength  of  the  blow  given  by 
the  hammer.  In  America  a  tool  has  been  introduced 
to  do  this  mechanically.  It  consists,  briefly,  in  mount- 
ing the  crotch  punch  on  the  end  of  a  tube  or  rod,  and 
arranging  a  series  of  movable  weights,  with  holes 
through  them  to  slide  up  and  down  the  rod.  These 
weights  are  allowed  to  drop  on  the  punch,  the  strength 

'  See  Saw  Mills :  their  Arrcmgement  and  Management.  By  M.  Powis 
Bale. 
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of  the  blow  being  regulated  according  to  the  gauge  of 
the  saw  and  the  amount  of  set  required.  For  saws  of 
large  diameter  and  thick  gauge  spread  set  can  be  re- 
commended, as  it  is  very  difficult  to  spring  set  or  bend 
the  teeth  of  a  thick  saw  with  regularity. 

Spring  Setting. — This  is  perhaps  the  most  general 
kind  of  setting,  and  if  regularly  and  carefully  done, 
answers  very  well ;  the  teeth,  however,  have  a  constant 
tendency  to  assume  their  original  position.  Saw  teeth 
should  not,  under  any  circumstances,  be  set  without  a 
gauge,  as  it  is  a  wasteful  and  stupid  plan,  producing 
rough  work,  and  more  rapidly  wearing  out  the  teeth 
which  happen  to  be  overset.  In  practice  it  will  be  found 
that  a  saw  perfectly  set  will  work  much  freer,  cut 
smoother,  and,  at  the  same  time,  will  waste  less  wood 
than  an  imperfectly  set  one ;  less  set  is  also  required 
on  a  truly  and  equally  set  saw  to  effect  the  desired 
clearance. 

Several  good  mechanical  saw  sets,  combined  with 
gauges,  are  now  made,  and  so  arranged  that  when  they 
are  fixed  to  any  desired  set  it  is  impossible  to  overset  a 
tooth ;  consequently,  the  teeth  are  all  set  exactly  alike, 
and  if  they  are  equal  in  length,  each  tooth  gets  its  fair 
share  of  work,  the  friction  of  working  and  waste  of 
wood  being  reduced  to  a  minimum.  In  working,  it  is 
found  that  the  teeth  of  a  saw  wear  at  the  side  of  the 
points,  and  if  some  teeth  have  more  set  than  others, 
these  are  unduly  strained,  and,  from  the  severe  and 
uneven  friction,  are  often  heated,  and  are  inclined  to 
buckle  and  run  from  the  line.  In  using  spring  set,  it 
is  necessary  to  somewhat  overset  the  saw,  to  compensate 
for  the  tendency  of  the  teeth,  especially  when  worn  or 
dull,  to  spring  back  to  their  original  position. 
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We  have  recently  seen  a  very  neat  form  of  Ameri- 
can tool  for  spring  setting  by  means  of  a  cam-lever,  by 
which  a  very  even  set  may  be  obtained  without  unduly 
straining  the  saw  teeth.  The  operator  stands  behind 
the  saw,  and  the  set  is  attached  to  the  teeth  by  placing 
a  bed  die  on  the  point  of  the  tooth  to  be  set  so  that  the 
point  will  project  beyond  the  die  about  one-sixteenth 
of  an  inch ;  the  cam-lever  is  then  brought  down  to  a  stop 
on  the  cam,  at  the  same  time  bending  the  teeth  towards 
the  latter.  A  four-point  gauge  is  fitted  to  the  lever, 
and  it  can  be  adjusted  to  any  amount  of  set  desired  by 
means  of  a  thumbscrew.  It  is  claimed  as  an  advantage 
of  this  arrangement  that  the  bending  power  is  exercised 
on  the  tooth  between  two  bed  bearings,  so  that  the 
operator  has  only  to  bear  down  on  the  cam-lever,  and 
the  more  power  he  applies  the  tighter  he  fastens  the 
set  to  the  saw,  and  at  the  same  time  the  bend  is  a  curve 
and  not  an  angle,  and  that,  therefore,  the  saw  teeth  are 
less  liable  to  fracture. 

If  a  saw  is  allowed  to  get  dull  it  will  spring  from 
the  work,  and  increased  power  will  be  required  to  force 
it  through  the  wood. 

Hammer  Setting. — The  third  system  of  setting  we 
have  to  notice  is  hammer  setting.  The  old-fashioned 
way  of  doing  this  was  with  a  punch  and  a  block  of 
wood,  and  a  very  brutal  way  it  was,  as  it  strained  the 
saw  plate,  and  sometimes  broke  the  teeth ;  at  the  same 
time  it  was  impossible  to  get  the  teeth  to  one  uniform 
set,  consequently  the  timber  was  scored  and  much 
power  consumed  unnecessarily.  If  carefully  and 
judiciously  done,  hammer-set  saws  will  stand  up  well 
to  their  work.  The  best  plan  with  which  we  are 
acquainted  is  to  mount  the  saw  horizontally  on  a  coni- 
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cal  centre  and  allow  the  teeth  to  rest  on  an  adjustable 
steel  die  made  with  a  bevelled  edge  turned  eccentric,  so 
as  to  allow  of  the  right  proportion  of  set  for  teeth  of 
various  sizes.  With  this  arrangement  any  desired 
amount  of  uniform  set  can  be  given  to  the  teeth  without 
unduly  straining  them  or  the  saw  plate.  Hammer 
setting  is  a  fair  test  as  to  the  quality  of  the  saw,  as 
the  teeth  may  crack  or  fracture  if  the  steel  is  burnt 
or  of  too  hard  a  temper,  or  bend  readily  if  too  soft. 

In  conclusion,  it  must  be  borne  in  mind  that, 
whatever  kind  of  setting  is  employed,  for  successful  and 
economical  working  absolute  uniformity  is  imperatively 
necessary.  If  this  is  not  secured,  the  work  turned  out 
is  of  inferior  quality,  and  wood  and  power  are  wasted. 
It  should  also  be  remembered  that  setting  does  not 
increase  the  cutting  power  of  a  saw,  as  a  saw  will 
cut  faster  with  little  or  no  set  provided  the  nature 
of  the  wood  will  allow  it  to  pass  through  without 
binding.  The  amount  of  set  required,  therefore, 
should  be  carefully  judged  by  the  sawyer,  and  no 
more  set  employed  than  is  absolutely  necessary.  For 
instance,  in  sawing  wet  wood  a  sha,rp  saw  and  a  fair 
amount  of  set  are  required,  whilst  for  hard,  knotty 
wood  very  little  set  should  be  used. 


397 


CHAPTEE  XLV. 

NOTES  ON"  STICKINa  HIGH-OLASS  MOULDINGS. 

We  think  it  will  be  generally  admitted  that  tlie  produc- 
tion of  really  high-class  mouldings — that  require  little 
or  no  hand-finishing — is  the  exception  and  not  the  rule. 
This  arises  from  a  variety  of  circumstances,  such  as 
(1)  bad  wood,  (2)  poorly  constructed  machines,  (3)  bad 
adjustment  of  cutters,  (4)  improper  speed,  (5)  in- 
sujB&cient  foundations,  &c. 

(1)  It  goes  without  saying  that  high-class  mouldings 
cannot  be  produced  without  good  material ;  we  need 
only  remark,  therefore,  that  the  wood  should  be  tho- 
roughly sound  and  well- seasoned. 

(2)  The  construction  of  the  machine  is  also  a  very 
important  factor,  and  it  may  not  be  out  of  place  to 
extend  our  remarks  thereon  to  some  length.  The  two 
classes  of  machines  generally  used — not  including 
vertical  spindle  or  shaping  machines — are  :  (1)  centre- 
feed  machines,  (2)  overhanging-spindle  machines.  For 
light  purposes,  overhanging-spindle  machines  are  ex- 
tremely handy  and  useful,  but  for  large  and  high- 
class  work,  centre-feed  machines  are  to  be  preferred, 
and  our  remarks  on  construction  will  therefore  refer 
chiefly  to  this  class. 
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Construction  of  Centre-feed  Moulding  and  Planing 
Machine. 

After  a  lengthened  experience,  it  has  been  found 
that  the  box  or  solid  framing  is  the  best  form,  to 
adopt  for  the  main  frame  of  the  machine.  The  reason 
for  this  is  not  far  to  seek,  as  in  moulding  and  planing 
wood  very  high  speeds  are  necessary,  and  various 
strains  are  set  up,  and  to  absorb  these  and  their  con- 
sequent vibrations  a  considerable  weight  of  metal 
is  necessary,  and  this  metal  is  much  more  effective 
when  in  the  form  of  a  single  casting  than  when  put 
together  in  sections.  Box-framing  is  slightly  higher  in 
first  cost,  but  this  is  more  than  counterbalanced  by  its 
increased  strength  and  resistance  to  stress,  by  economy 
of  material  in  ratio  to  strength,  and  by  its  greater 
neatness  of  design.  The  cutter  spindles  should  be  sup- 
ported by  bearings  of  ample  area,  and  these  should,  as 
far  as  possible,  be  made  adjustable  for  wear  and  end  play, 
more  especially  the  bearings,  which  are  subject  to 
considerable  belt  tension.  The  question  of  lubrication 
must  be  carefully  attended  to,  and  the  bearings  guarded 
from  dust. 

To  secure  a  constant  and  even  feed,  and  prevent  the 
slipping  of  the  wood,  it  is  important  that  all  the  feed 
gearing  be  expansively  geared  up  together.  If  the 
feed  rollers  are  geared  separately,  the  wood  is  apt  to 
slip,  particularly  if  difficult  to  work.  In  the  best  class 
of  machines,  the  intermediate  pinions  are  made  of  steel 
or  gun-metal.  As  a  sufficiently  long  belt  may  be 
obtained,  and  as,  at  the  same  time,  it  economises  space, 
it  has  been  found  convenient  to  place  the  countershaft 
working  the  feed  gear  within  the  framing  of  the 
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machine.  This  should  be  fitted  with  four-speeded 
cones,  so  as  to  give  varying  speeds  of  feed  of,  say,  from 
10  ft.  to  60  ft.  per  minute.  The  countershaft  working 
the  cutter  spindle  should  be  placed,  say,  15  ft.  away  at 
least,  as  running  belts  at  short  centres  is  to  be  con- 
demned from  every  point  of  view.  The  cutter-block 
and  spindle  should  be  made  of  steel,  as  they  are  thus 
stilfer  in  work  and  can  be  made  of  somewhat  smaller 
section  than  with  wrought  iron.  The  cutters  should  be 
fastened  to  the  blocks  by  dove-tail-headed  bolts,  sliding 
in  suitable  grooves.  These  should  be  made  of  best 
Swedish  iron,  and  be  very  carefully  fitted.  Irons 
should  never  be  fastened  by  means  of  studs  tapped  into 
the  blocks,  as  the  method  is  both  dangerous  and  un- 
certain. 

A  very  considerable  difference  of  opinion  seems  to 
exist  amongst  makers  as  to  the  best  position  in  the 
machine  in  which  to  place  the  vertical  spindles  or  side 
cutters ;  some  fit  them  at  the  end  of  the  machine,  to 
act  on  the  wood  after  it  has  passed  the  top  and  bottom 
cutters  ;  others  put  them  in  the  centre  of  the  machine, 
between  these  cutters.  The  writer  is  in  favour  of  the 
latter  plan,  as  the  wood  is  then  directly  under  the 
action  of  the  holding-down  apparatus,  and  there  is  less 
liability  of  its  jarring  when  under  the  operation  of  the 
cutters.  The  plan  of  placing  the  vertical  spindles  at 
the  end  of  the  machine  renders  them  rather  more  ac- 
cessible for  adjustment ;  but,  in  all  cases,  holding-down 
or  pressure  apparatus  should  be  fitted  close  up  to  all 
the  blocks. 

It  is  of  the  utmost  importance  that  the  cutters 
should  bed  evenly  well  on  the  block,  and,  to  secure 
this,  knives  are  made  sometimes  very  slightly  concave 
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from  tlie  cutting  to  the  back  edge,  so  that  when  the 
nuts  are  tightened  they  spring  slightly,  and  bear  on  the 
whole  surface  of  the  block  alike.  Cutters  made  slightly 
thicker  at  the  back  than  at  the  cutting  edge  are  pre- 
ferred, as  they  are  less  likely  to  slip  forward  from  the 
high  speed  and  centrifugal  force  set  up.  It  is  impor- 
tant that  the  iron  round  the  slot  holes  be  true,  and  that 
all  the  hollows  and  smithing  marks  be  ground  out,  so 
that  the  nuts  and  washers  have  a  perfectly  true  bed  to 
rest  on. 

But,  given  all  this,  and  a  good  and  true  block,  we 
sometimes  find  irons  flying,  and  shifting  on  their  seats. 
This  may  arise  from  the  bolts  not  being  tightened 
enough,  or  from  being  tightened  too  much,  this  latter 
being  a  very  fruitful  cause.  In  order  to  secure  the 
bolts,  as  he  thinks  properly,  an  inexperienced  or  care- 
less workman  is  apt  to  use  a  powerful  wrench,  with 
sometimes  a  pipe  at  the  end  of  it,  to  tighten  them  up 
— the  thread  of  the  bolt  consequently  becomes  damaged, 
the  pitch  being  stretched  and  bulged  and  made 
coarser.  One  of  the  reasons  why  there  is  sometimes  a 
difficulty  in  bedding  the  nuts,  is  that  the  threads  are 
often  allowed  to  get  dry  and  filled  with  grit.  Irons 
may  be  prevented  from  slipping  by  bedding  them  on 
several  thicknesses  of  brown  paper  or  thin  leather. 

In  machines  where  movable  blocks  are  employed,  it 
is  of  the  utmost  importance  that  the  spindle  holes  are 
perfectly  true  and  fit  the  spindle  tight,  and  are  exactly 
parallel  with  the  cutter  face  :  this  is  not  altogether  an 
easy  matter  with  long  blocks,  as  they  are  apt  to  get 
slightly  oval.  When  the  cutter-block  is  revolving  at  a 
high  speed,  this  will  allow  it  to  spring  sufficiently  to 
damage  the  output,  and  is  one  of  the  causes  of 
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inefficient  working  very  difficult  to  detect.  Liglit 
blocks  require  balancing  as  much  as  heavy.  If  movable 
blocks  are  used,  they  should  in  all  cases  be  planed  by 
the  makers  after  being  fixed  on  their  spindles. 

Making  and  Tempering  Moulding  Irons. 

It  need  hardly  be  said  the  steel  used  for  cutters 
should  be  of  the  very  highest  possible  quality,  com- 
bining in  its  nature,  as  far  as  may  be,  toughness  with 
hardness.  It  must  be  admitted  that  there  is  a  consider- 
able amount  of  art  in  forging  and  tempering  cutters 
successfully,  as,  owing  to  the  varying  amount  of  carbon 
contained  in  different  samples  of  steel,  the  amount  of 
tempering  varies  accordingly,  and  the  exact  temper 
necessary  can  only  be  ascertained  by  one  or  more  trials  ; 
the  folly,  therefore,  of  treating  all  kinds  of  steel  alike, 
which  is  sometimes  done  by  the  workman,  is  at  once 
apparent.  It  may  be  taken  as  a  rule  that  if  it  is 
necessary  to  heat  the  steel  so  hot  that  when  it  is 
annealed  it  appears  coarser  in  the  grain  than  the  piece 
from  which  it  was  cut,  it  may  safely  be  concluded  that 
it  is  of  too  low  a  temper  for  the  required  work,  and  a 
steel  of  a  higher  temper  should  be  selected.  A  steel 
cutter,  when  properly  tempered  and  suited  to  the  work 
in  hand,  should  always  be  of  a  finer  grain  than  the 
piece  from  which  it  was  cut. 

Moulding  irons  may  be  roughed  out  and  ground 
down  to  something  near  the  size  by  means  of  small 
profile  grindstones  or  emery  wheels,  and  when  filed  to 
the  exact  profile  and  tempered  before  using,  a  cutting 
edge  should  be  put  on  them  by  means  of  a  slip  of  Tur- 
key or  other  good  oil-stone.    When  the  irons  are  of 
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simple  form,  to  avoid  softening  and  rehardening,  the 
steel  may  be  ground  to  the  shape  by  the  series  of  small 
grindstones  spoken  of,  the  peripheries  of  which  are 
turned  up  to  suit  the  rounds  and  hollows  of  the  mould- 
ings. We  have  found  Bilston  grindstones  answer  very 
well. 

With  the  object  of  preventing  the  constant  change 
of  profile  when  sharpening  moulding  irons  of  the 
ordinary  construction,  in  which  the  profile  of  the 
moulding  is  formed  on  the  edge  of  the  steel,  and  a 
bevel  ground  backwards  from  it,  some  makers  mill  the 
form  of  the  moulding  into  the  face  of  the  cutter  itself, 
as  if  sharpened  to  the  proper  bevel ;  it  thus  always 
retains  its  true  form.  This  form  of  profile  may  be 
secured  for  vertical  spindles,  no  matter  how  badly  the 
cutters  are  sharpened,  by  using  solid  circular  cutters. 
These  are  made  from  one  piece  of  steel,  in  form 
something  like  a  deep  saucer.  The  periphery  of  the 
steel  is  shaped  to  the  profile  of  the  desired  moulding, 
and  has  several  openings  which  are  sharpened  towards 
the  centre,  and  present  as  many  cutting  edges  to  the 
wood. 

In  forging  or  tempering  moulding  irons  it  is  impor- 
tant that  they  should  be  heated  as  evenly  as  possible. 
If  one  part  of  the  cutter  is  thinner  than  the  other,  care 
must  be  ta,ken  that  the  thin  part  does  not  heat  more 
rapidly  than  the  rest,  or  it  may  be  '  burnt,'  and  break 
off  at  the  cutting  edge  whilst  in  work.  In  heating 
cutters  for  tempering,  they  should  be  repeatedly  turned 
over  in  the  fire,  and  withdrawn  from  it  now  and  then. 
If  the  cutting  edge  is  heating  too  rapidly,  it  should  be 
pushed  through  the  fire  into  cooler  coals.  If  there  are 
a  number  of  members  in  the  same  moulding,  great 
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care  should  be  exercised  in  tempering  them  as  nearly- 
alike  as  possible,  or  they  will  vary  in  wear,  and  the 
profile  of  the  moulding  be  altered  accordingly.  It  is 
important  in  tempering  that  there  should  be  a  gradual 
shading  of  colour.  If  there  is  a  distinct  line  between 
the  colours  towards  the  edge  of  the  cutter  it  will  pro- 
bably chip  at  this  line.  The  point  to  aim  at  is  to  have 
the  edge  of  the  cutter  tolerably  hard,  and  this  hardness 
to  be  gradually  reduced  the  farther  you  go  from  the 
cutting-edge,  and  the  softer  metal  at  the  back  will  be 
found  to  strengthen  and  support  it. 

The  process  of  tempering  should  be  gradual,  as  the 
steel  becomes  toughened  and  less  liable  to  fracture  by 
slow  heating  and  gradual  softening  than  if  the  process 
be  performed  abruptly.  When  the  proper  heat  has 
been  reached,  the  tool  should  be  removed  from  the  fire 
and  not  allowed  to  *  soak  '  with  the  blast-off,  as  is  some- 
times done.  Bear  in  mind,  in  forging,  welding,  or 
tempering  steel  tools,  that  an  excess  of  heat  over  what 
is  absolutely  necessary  is  detrimental,  as  it  opens  and 
makes  the  grain  of  the  steel  coarse.  If  a  tough  temper 
is  required,  the  cooling,  or  letting  down,  should  be  as 
slow  as  possible.  The  right  temper  colour  varies  with 
the  steel  and  the  hardness  required.  Templeton  gives 
the  following  degi'ees  of  heat:  Chipping  chisels, 
planing  irons,  hatchets,  and  other  percussive  tools,  500 
deg.  to  520  deg.,  light  straw  colour,  a  brown  yellow, 
or  yellow  slightly  tinged  with  purple ;  530  deg.,  light 
purple.  As  the  colours  appear  and  change  slowly, 
ample  time  is  aff'orded  to  see  when  the  cutter  should  be 
at  once  dipped  and  withdrawn  several  times ;  as  this 
has  a  greater  tendency  to  toughen  the  steel  than  if  it 
is  plunged  into  the  water  and  allowed  to  remain  until 
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quite  cold.  A  number  of  more  or  less  reliable  mixtures 
are  used  for  tempering.  We  have  found  the  following 
answer  very  well :  Take  4  parts  of  powdered  yellow 
rosin,  and  2  parts  of  train  oil,  and  carefully  mix  them, 
and  add  one  part  of  heated  tallow.  The  object  to  be 
hardened  is  dipped  in  this  hot,  and  allowed  to  remain 
in  it  till  quite  cold.  Without  having  previously  cleaned 
it,  the  steel  is  again  put  into  the  fire,  and  then  cooled 
in  boiled  water  in  the  usual  way. 

Speed  of  Cutters. 

In  turning  out  high-class  mouldings,  the  question 
of  the  speed  of  cutters  is  of  great  moment ;  exigencies 
of  space  prevent  us  here  going  into  the  question  at 
length.  In  a  thoroughly  well  constructed  and  equipped 
machine,  a  speed  of  4,000  revolutions  per  minute  may 
be  taken  as  a  standard. 

Balancing  the  Gutters. 

Another  matter  of  the  extremest  importance  in 
securing  highly  finished  mouldings  is  the  exoAit  balanc- 
ing of  the  cutters.  These  should  not  only  be  of  the 
same  exact  weight  and  overhang,  but  all  cutters  must 
be  made  to  agree  in  their  corresponding  members  to 
the  greatest  possible  nicety.  The  importance  of  this 
will  be  readily  recognised  when  we  consider  the  high 
velocity  at  which  they  have  to  run  ;  consequently  any 
inequality  is  enormously  multiplied  by  the  centrifugal 
force  set  up,  the  result  being  transferred  to  the  wood 
in  the  shape  of  jars  and  markings.  When  new  cutters 
are  put  on,  they  should  be  put  exactly  in  balance  and 
kept  so.    In  working  elaborate  mouldings,  it  is  difiicult 
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to  keep  both  irons  alike,  and  one  plan  often  pursued  by 
the  operator  is  to  use  an  iron  for  each  member  of  the 
moulding,  and  to  balance  the  irons  with  beams  and 
scales  ;  and  when  the  iron  projects,  say  1^  in.,  to  put  on 
a  rectangular  washer.  In  working  vertical  spindle 
machines,  some  operators  will  use  one  iron  only,  with 
a  blank  on  the  other  side  of  the  block  to  balance. 

As  already  mentioned,  in  accurately  balancing 
cutters,  not  only  should  their  specific  weights  agree — 
which  is  a  matter  of  little  difficulty,  as  it  can  be  deter- 
mined with  a  common  pair  of  scales — but  the  weights 
of  the  cutters  should  agree  in  their  corresponding  parts. 
This  cannot  be  ascertained  accurately  without  the  aid 
of  a  proportional  cutter  balancing  machine,  and  several 
of  these  have  now  been  introduced  with  very  satisfac- 
tory results.  In  the  best  of  these  machines  the  cutters 
can  be  tried  one  against  another  in  every  position,  and 
if  any  excess  of  weight  appears  in  any  of  them  at  any 
point  in  the  backs,  fronts,  or  edges,  it  can  be  detected 
and  remedied. 

Driving-helts. 

All  driving-pulleys  should  be  of  ample  width  for 
the  power  they  have  to  transmit,  without  straining  the 
belt,  and,  therefore,  cutting  out  the  bearings.  Wide 
single  belts  are  preferable  to  double,  and  the  best 
leather  to  other  material.  It  is  important  that  the 
driving-belts  are  kept  as  pliable  as  possible.  This  is 
not  a  very  easy  matter  in  a  sawmill,  owing  to  the  very 
fine  dust  constantly  floating  about  and  filling  up  the 
pores  of  the  leather.  A  mixture  of  mutton  fat  and 
beeswax  in  equal  parts  will  be  found  a  capital  dress- 
ing, and  will  not  injure  the  belt.    An  application  of 
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tanner's  dubbin  for  leather,  and  of  linseed-oil  varnish 
for  cotton  belts,  can  also  be  recommended.  Castor  oil 
is  also  an  excellent  dressing  for  leather,  and,  at  the 
same  time,  it  renders  it  vermin-proof.  It  should  be 
mixed,  say,  half  and  half,  with  tallow  or  oil.  For  pre- 
serving or  recovering  leather  belts  from  mould,  pyro- 
ligneous  acid  may  be  used.  The  belts  should  be 
thoroughly  stretched  and  carefully  made.  Cemented 
joints  are  to  be  preferred  to  others,  as  they  run  smoother 
over  the  pulleys. 
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CHAPTEE  XLVI. 

THE  BEST  ENGINE   FOR  A  SAW  MILL. 

Almost  every  type  of  engine  is  made  to  do  duty  in  a 
saw  mill,  and  as  many  of  them  are  utterly  unsuited  to 
the  work  the  result  is  often  anything  but  satisfactory 
both  on  the  score  of  economy  and  effective  working. 

Owing  to  the  severe  and  variable  duty  required 
of  a  saw-mill  engine,  it  should  be  of  especially 
strong  and  substantial  construction,  and  able  to  com- 
mand a  uniform  speed  under  suddenly  applied  loads. 

After  a  lengthened  experience  the  author  is  of 
opinion  that  the  best  form  of  engine  for  driving  wood- 
working machinery — except  under  special  circum- 
stances—is a  long  stroke  horizontal  high  pressure, 
either  compounded  or  with  a  condenser,  or  both. 
Some  years  ago,  in  the  present  volume,  the  author,  in 
writing  on  some  points  to  be  desired  in  a  saw-mill 
engine,  mentioned  the  following,  and  as  his  views  in 
this  respect  have  not  altered,  it  may  not  be  out  of 
place  to  repeat  them. 

1.  A  stroke  of  twice  the  diameter  of  the  cylinder ; 

2.  either  compounded  or  with  a  condenser,  or  both; 

3.  or  an  automatic  expansion  slide,  controlled  by 
powerful  and  sensitive  governor  gear;  4.  a  steam- 
jacketed  and  lagged  cylinder;  5.  short  steam  ways; 
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6.  ample  bearing  surfaces,  well  fitted  and  lubricated, 
and  an  eflScient  method  of  packing;  7.  large  cylinder 
area  per  h.p. ;  8.  a  flj-wheel  of  large  diameter  and 
extra  heavy  section  ;  9.  a  moderate  piston  speed. 

Speaking  generally,  in  selecting  an  engine  the 
chief  points  to  be  borne  in  mind  are  :  1.  the  nature  of 
the  work  it  has  to  do  ;  2.  the  speed  and  power  required  ; 
3.  the  cost  of  fuel ;  and  4.  if  under  skilled  management. 
In  a  saw-mill  if  the  fuel  be  plentiful,  and  the  manage- 
ment unskilled,  as  is  often  the  case  in  isolated  countries, 
a  plain  slide-valve  engine  would  possibly  suit  better 
than  a  first-class  one  with  expansion  gear,  condenser, 
&c.,  the  loss  of  fuel  being  partly  compensated  for  by  the 
greater  freedom  from  breakdowns.  In  this  case,  the 
engine  should  be  arranged  to  cut  off  steam  tolerably 
early  and  expand  it  for  the  rest  of  the  stroke,  and 
powerful  governor  gear  should  be  employed.  On  the 
other  hand,  in  establishments  where  large  power  is  re- 
quired and  skilled  management  is  attainable,  the  most 
advanced  form  of  engine  is  in  the  end  by  far  the  cheap- 
est. In  cases  where  fuel  is  dear,  a  good  compound 
condensing  engine  can  be  used  with  advantage :  but  it 
cannot  be  too  often  repeated  that,  where  extreme 
economy  is  required,  a  skilled  engine  driver  is  an  abso- 
lute necessity.  If  the  steam  pressure  by  which  an 
engine  is  worked  would  be  likely  to  vary  considerably, 
and  the  load  likewise  vary,  to  secure  steady  and  even 
running  the  engine  should  be  fitted  with  valve  gear 
having  a  considerable  range  of  cut-off,  combined  with  a 
powerful  and  sensitive  governor. 

In  selecting  an  engine  a  full  detailed  specification, 
giving  sizes  and  materials,  should  be  obtained  from  the 
maker,  with  his  guarantee  as  to  horse-power — brake 
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horse-power,  if  possible — the  engine  will  give  out  at  a 
certain  steam  pressure,  and  that  it  will  work  at  its  full 
speed  and  power  without  excessive  vibration. 

See  that  the  bed-plate  and  frame  and  working  de- 
tails of  the  engine  are  of  ample  strength,  also  that  the 
cylinder  has  sufficient  metal  to  allow  of  its  being  rebored 
several  times,  that  the  steam  passages  are  short,  that 
the  sliding  and  bearing  surfaces  are  ample,  and  that 
they  are  adjustable  for  wear.  The  author  prefers  a 
medium  piston  speed — say  500  ft.  per  minute — to  higher 
speeds,  as  he  has  found  the  cylinders  of  large  horizon- 
tal engines  run  at  high  speeds  rapidly  wear  hollow. 

An  engine  of  ample,  but  not  excessive,  power  for 
the  work  to  be  done  should  be  selected,  as  too  large  an 
engine  is  as  wasteful  of  steam  as  too  small  a  one. 

For  saw-mill  work,  the  author  prefers  the  bed-plate 
of  the  engine  to  be  on  the  double  girder  box  plan^  and 
to  extend  beyond  the  cylinder,  which  should  be  mounted 
on  it,  as  this  is  undoubtedly  the  best  form  to  resist 
heavy  working  strains.  If  a  pair  of  engines  are  used, 
it  will  be  found  well  to  have  one  large  fly-wheel  for  the 
two  engines,  placing  it  between  them,  with  an  extra 
pulley  for  driving  the  main  shafting.  Crankshaft  to  be 
fitted  with  an  outside  bearing.  Connecting-rod  ends 
to  be  made  adjustable  for  wear,  and  fitted  with  straps 
and  keys.  Engine  to  be  fitted  with  wide  double  motion 
bars  and  blocks,  and  made  adjustable  for  wear.  The 
bars  should  have  oil  recesses  and  grit  cavities.  Stop 
and  starting  valve  to  be  provided,  and  so  arranged  that 
access  can  be  had  to  the  throttle  valve  without  disturb- 
ing the  steam  pipe.  The  steam  passages  should  be  large, 
short,  and  direct,  and  the  clearance  in  cylinder  as  small 
as  possible. 
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For  driving  wood-working  machinery,  aiter  repeated 
trials,  the  author  is  distinctly  in  favour  of  an  engine  with 
a  long  stroke,  as  it  permits  a  higher  piston  speed  without 
excessive  vibration  and  wear  and  tear,  and  the  steam 
can  be  expanded  with  greater  facility.  The  steam  ports 
should  be  as  short  as  possible.  This  can  be  secured  by 
dividing  the  slide  valves,  and  placing  them  at  each  end 
of  the  steam  chest ;  and  a  high  speed  sensitive  governor 
should  be  arranged  to  act  on  an  equilibrium  double- 
beat  throttle  valve,  or  on  expansion  gear.  The  exhaust 
should  be  of  ample  size,  to  admit  of  the  instant  escape 
of  the  steam  and  avoid  back  pressure.  In  crowded 
spaces  it  is  sometimes  necessary  to  use  a  vertical  engine  ; 
these  can  be  compounded  with  advantage,  and  although 
necessarily  of  shorter  stroke,  they  can  be  worked  with 
less  wear  to  the  piston,  cylinder,  glands  &c.  than  a 
horizontal  engine,  the  wear  being  distributed,  whilst  in 
a  horizontal  engine  the  cylinder  wears  oval. 

Arrangements  should  be  made  for  the  continuous 
drainage  of  the  cylinder,  and  it  should  be  fitted  with  a 
good  sight-feed  lubricator,  which  is  a  distinct  improve- 
ment over  ordinary  grease  cups,  as  with  these  latter  the 
piston  may  be  running  perfectly  dry,  and  the  cylinder 
may  be  scored  and  the  rings  cut  out  before  the  atten- 
dant is  aware  of  it.  A  very  considerable  economy  in 
oil  is  also  effected  by  the  use  of  a  sight-feed  lubricator, 
as  it  can  be  adjusted  to  supply  the  minimum  amount  of 
oil  to  keep  the  cylinder  properly  lubricated.  On  the 
other  hand,  the  old-fashioned  grease  cup  floods  the 
cylinder  with  oil  for  a  short  time,  and  this  being 
rapidly  cleared  away  by  the  strokes  of  the  piston, 
the  cylinder  is  left  comparatively  dry  in  a  little 
time. 
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Compound  engines  have  of  late  years  come  con- 
siderably into  use,  and  are  more  economical  than  single- 
cylinder  engines.  This  arises  chiefly  from  the  fact  that 
much  higher  pressures  of  steam  can  be  expanded  with 
greater  advantage  in  two  cylinders  than  in  one,  and 
without  the  considerable  loss  from  condensation  which 
arises  in  a  single  cylinder  when  the  steam  is  cut  off 
very  early  in  the  stroke.  Again,  if  a  considerable  range 
of  expansion  be  attempted  in  a  single  cylinder,  and  the 
cut-off  is  very  early,  the  strain  on  the  working  parts  is 
great,  necessitating  excessive  weight  and  strength  in 
the  engine.  In  the  case  of  compound  cylinders,  how- 
ever, this  strain  is  distributed. 

In  single  cylinders,  if  large  expansion  be  attempted, 
the  steam  condensation  is  excessive  and  becomes  a 
serious  matter.  Compound  engines  will  work  more 
steadily  and  with  less  friction  and  vibration,  conse- 
quently the  general  details  of  the  engines  may  be  made 
lighter.  Where  a  sufficiency  of  water  is  obtainable,  a 
condenser  can  be  fitted  to  an  engine  with  considerable 
advantage,  as  in  this  case,  instead  of  being  exhausted 
into  the  open  air  or  water  tank  after  each  stroke  of  the 
piston,  the  steam  passes  through  the  exhaust  port  into 
the  condenser,  and  coming  in  contact  with  the  water, 
which  is  in  constant  circulation  therein,  is  itself  im- 
mediately condensed  or  reduced  to  water.  In  working 
the  condenser  an  air  pump  is  employed,  which  keeps 
up  a  vacuum  and  relieves  the  piston  from  back  pressure, 
thus  increasing  the  effective  power  of  the  engine.  The 
water  made  hot  by  the  condensation  of  the  steam  is 
again  used  to  feed  the  boiler,  hence  a  second  saving 
arises. 

A  simple  and  convenient  arrangement  for  working 
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the  air-pump  for  a  condenser  is  to  prolong  the  engine 
piston-rod  through  the  back  cylinder  cover.  The  air- 
pump  should  be  double  acting,  and  the  valves  arranged 
so  as  to  give  ready  access  for  adjustment  and  repairs. 
The  engine-bed  should  be  prolonged  and  the  condenser 
mounted  on  it,  so  as  to  secure  perfect  alignment.  The 
author  has  found  pump  valves  of  India  rubber,  with 
gun-metal  seats^  guards,  and  bolts,  work  very  well.  If 
there  is  no  overhead  tank  for  the  injection  water^  sluice 
valves  will  be  found  most  useful  for  starting  the 
engine. 

Automatic  expansion  gear  is  especially  useful  in  a 
saw  mill,  and  with  varying  loads  effects  a  considerable 
saving,  as  the  admission  of  the  steam  is  regulated  ac- 
cording to  the  speed  or  load  on  the  engine.  The  gears 
of  Corliss  &  Proel  have  proved  themselves  very 
effective. 

Another  very  satisfactory  arrangement  of  automatic 
expansion  gear  is  the  Euston.  In  this  the  cut-off  valve 
is  made  multiple-ported  to  give  free  admission  of  the 
steam,  and  is  driven  by  a  radius  rod,  the  free  end  of 
which  is  moved  up  or  down  in  an  oscillating  slot-link, 
which  is  driven  by  a  separate  eccentric,  the  precise 
position  of  the  rod  being  determined  by  the  governor. 
As  the  speed  of  the  engine  increases  and  the  governor 
balls  rise,  the  travel  of  the  expansion  valve  is  reduced, 
and  the  steam  is  cut  off  earlier ;  should  the  engine  run 
more  slowly,  the  contrary  occurs.  The  range  of  cut-off 
is  from  a  fraction  up  to  half  stroke. 

A  further  advantage  arising  from  the  use  of  auto- 
matic expansion  gear  is  that  the  steam  is  always 
delivered  to  the  cylinder  at  the  highest  available  pres- 
sure, whilst  in  the  case  of  an  ordinary  slide-valve 
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engine  where  the  cut-oflf  of  the  valve  is  always  positive, 
the  admission  of  the  steam  is  governed  by  means  of  a 
throttle  valve,  the  action  of  which  '  wire  draws,'  and 
reduces  the  pressure  of  the  steam.  With  efficient  ex- 
pansion gear  the  amount  of  steam  required  to  do  the 
work  on  hand  at  the  moment  is  practically  measured  at 
every  stroke  of  the  engine,  and  no  more  is  used  than  is 
required,  and  this  in  turn  is  fully  exhausted  of  its  energy 
by  expansion. 

Owing  to  the  constant  and  great  variation  of  the 
load  in  a  saw  mill,  it  is  important  that  a  governor  be 
fitted  sufficiently  powerful  to  keep  the  engine  perfectly 
under  control,  and  the  speed  uniform.  Various  forms 
of  high-speed  governors  have  come  into  use,  and  several 
of  these  have  proved  themselves  both  sensitive  and 
quiet  in  action,  and  are  to  be  preferred  to  the  older- 
fashioned  type. 

For  the  guidance  of  readers  we  append  a  short  speci- 
fication of  a  high-class  engine,  well  adapted  for  saw-mill 
work  :  One  improved  horizontal  compound  tandem  con- 
densing engine  to  indicate  340  horse-power  mounted  on 
double  girder  box  plate,  planed  on  face  ;  high-pressure 
cylinder,  18  in.  diameter  ;  low-pressure  cylinder,  34  in. 
diameter  ;  stroke  of  pistons,  36  in. ;  number  of  revolu- 
tions per  minute,  90 ;  diameter  of  vertical  air  pump, 
20  in. ;  stroke  of  vertical  air  pump,  18  in. ;  diameter 
of  horizontal  air  pump,  14  in. ;  diameter  of  crank  shaft, 
10  in.,  made  of  best  fagotted  scrap  iron ;  diameter  of 
fly-wheel,  18  ft. ;  width  of  face  of  fly-wheel,  28  in. ; 
diameter  of  stop  valve  on  high-pressure  cylinder,  5  in. 
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CHAPTER  XLVII. 

THE  BEST  BOILER  FOR  A  SAW  MILL. 

Every  possible  type  of  boiler  has  been  made  to  do  duty 
in  a  saw  mill,  and  it  need  hardly  be  said  that  many  of 
these  are  quite  unsuited  for  the  work  they  have  to  do, 
consequently  the  economical  result  is  unsatisfactory, 
and,  taking  the  whole  world  over,  boiler  explosions  are 
more  frequent  in  saw  mills  than  in  any  other  class 
of  manufactory.  Most  types  of  boiler  possess  some 
advantages  and  disadvantages  ;  in  selecting  one,  how- 
ever, the  chief  points  to  be  borne  in  mind  are:  1.  the 
quality  of  the  feed  water  ;  2.  the  quality  and  nature  of 
the  fuel ;  3.  if  for  temporary  or  permanent  duty.  It 
may  be  as  well  also  to  mention  a  few  of  the  points  to 
be  desired  in  a  steam  boiler.^  1.  A  boiler  of  a  design 
that  can  be  readily  inspected,  cleaned,  or  repaired.  2. 
A  thorough  circulation  of  the  water  through  the  boiler. 
3.  A  large  furnace  or  combustion  chamber.  4.  A  suffi- 
ciency of  water  and  steam  space  to  avoid  sudden  fluctua- 
tions in  the  water  level  or  steam  pressure.  5.  A  large 
margin  of  strength  over  working  pressure.  6.  Stays, 
ends,  strengthening  rings  &c.  arranged  with  an  allow- 
ance for  expansion.  7.  Ample  heating  surface,  with 
no  joints  or  rivet  heads  exposed  to  the  direct  action 
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of  the  fire.  8.  Boiler  to  be  properly  fixed  and  equipped 
with  a  full  supply  of  fittings  of  the  best  type.  9. 
Chimney  stack  to  be  correctly  proportioned  to  the  boiler 
and  to  the  fuel  to  be  burnt.  10.  Boiler  to  be  of  a  type 
suitable  to  the  feed-water  and  fuel  used,  and  to  be 
made  of  first-class  materials,  and  with  good  work- 
manship. 

In  saw  mills  the  fuel  used  is  usually  small  coal  mixed 
with  wood  waste,  which  gives  out  a  fierce  fire,  and  should 
have  a  boiler  with  considerable  grate  surface  to  con- 
sume it  economically.  The  locomotive  type  of  boiler 
has  the  advantage  of  raising  steam  quickly ;  it  can  be 
safely  worked  at  a  high  pressure,  and  requires  little 
foundation  ;  on  the  other  hand  it  is  un suited  for  burn- 
ing inferior  fuel  without  a  forced  draught,  and  a 
specially  large  fire-box  is  necessary.  With  the  fuel 
usually  used  in  a  saw  mill  the  plates  and  tube  ends  are 
more  easily  burnt  than  in  a  plainer  boiler,  more  parti- 
cularly if  incrustation  is  allowed  to  accumulate ;  in 
point  of  fact,  should  the  feed  water  be  bad,  a  locomotive 
boiler  should  never  be  used,  unless  special  means  be 
taken  to  purify  the  water  before  it  enters  the  boiler. 
When  burning  small  bituminous  coal  under  ordinary 
conditions,  locomotive  boilers  have  a  tendency  to  produce 
smoke ;  this  can,  however,  be  modified  considerably  by 
the  employment  of  a  sufficient  height  of  chimney  to 
induce  a  quick  draught,  a  fire-brick  arch,  and  careful 
and  even  firing. 

Water-tube  boilers  have  been  introduced  into  saw 
mills  in  this  country  to  a  limited  extent,  and  it  is 
claimed  for  them  that  they  are  both  safe  and  economical ; 
there  appears  to  be  little  doubt,  however,  that  some  of 
them  generate  wetter  steam  than  a  good  Lancashire 
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boiler,  and  with  inferior  fuel,  they  produce  much  smoke. 
Moreover,  having  many  caps  and  joints,  they  are  not  so 
readily  kept  in  order. 

On  the  other  hand,  it  is  claimed  by  the  makers  of 
water-tube  boilers  that  they  possess  various  advantages 
over  other  boilers,  such  as  occupying  less  space,  greater 
heating  surface,  less  fuel  used,  perfect  water  circulation, 
sectional  divisions,  preventing  disastrous  explosions,  &c. 
It  must  be  admitted  that  many  of  these  boilers  are  in 
use  in  America,  and  are  spoken  well  of,  and  the  smoke 
not  complained  about ;  but  this  can  be  explained  to  a 
great  extent  by  the  fact  that  the  fuel  used  consists 
largely  of  anthracite  coal,  which  is  practically  smoke- 
less. It  must  also  be  conceded  that  where  accidents  or 
explosions  occur  with  locomotive  or  tubular  boilers 
they  are  usually  not  so  disastrous  as  those  with  Lanca- 
shire and  Cornish  boilers,  and  higher  pressures  can 
be  worked  with  safety. 

A  combination  of  the  double- fined  or  Lancashire 
boiler  and  tubular  boiler  has  lately  come  into  extended 
use  for  driving  electric  lighting  plant,  &c.,  and  where 
the  feed  water  is  fairly  pure  can  undoubtedly  be  re- 
commended, as  they  are  found  to  be  rapid  steam 
raisers,  and  economical  in  the  consumption  of  fuel. 
The  boiler  consists  of  an  ordinary  internally  fired 
Lancashire  boiler,  with  cross  tubes,  but,  in  addition, 
a  series  of  horizontal  tubes  run  the  full  length  of 
the  shell.  It  is  claimed  for  this  boiler  that  it  has 
a  considerably  larger  heating  surface  than  a  Lanca- 
shire boiler,  a  medium  water  capacity,  occupies  a 
minimum  of  space,  small  area  of  brickwork,  and  has 
a  fair  amount  of  steam  space. 

In  countries  or  districts  where  wood  waste  is  the 
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only  fuel,  externally  fired  tubular  boilers  are  largely 
used ;  in  this  case  the  boiler  is  mounted  over  a  brick 
furnace,  in  which  the  wood  is  burnt,  the  heat  pass- 
ing under  the  boiler  and  back  through  brick  flues  on 
each  side,  and  up  the  chimney.  In  using  these 
boilers  especial  care  should  be  taken  to  keep  them 
entirely  free  from  incrustation.  In  America,  an 
under-fired  cylindrical  boiler,  with  return  tubes  of  3 
in.  or  4  in.  diameter,  is  used  considerably.  These 
are  low  in  first  cost,  and  when  arranged  with  a  wide 
under-furnace  and  brick  flues  are  said  to  be  fairly 
economical. 

Under-fired  boilers  are  not  popular  in  this  coun- 
try, and  there  is  little  doubt  under-firing  considerably 
strains  the  seams  &c.  of  a  boiler,  especially  if  a  long 
one. 

Except  for  small  power  and  in  crowded  situations, 
vertical  boilers  cannot  be  recommended  for  saw-mill 
work,  as  they  are  apt  to  prime  and  produce  wet 
steam.  This  arises  from  the  water  and  steam  space 
being  small,  consequently  wet  steam  is  drawn  into  the 
steam  pipe  to  a  greater  or  less  extent  at  each  stroke  of 
the  engine.  High-speed  engines  mitigate  this  evil 
somewhat,  but  they  themselves  are  unsuitable  for  saw- 
mills. 

Taking  the  advantages  and  disadvantages  of  the 
different  types  of  boilers  into  consideration,  the  author, 
after  a  lengthened  experience,  is  of  opinion  that  for  a 
permanent  saw  mill  of  any  magnitude  no  boiler  is 
superior  to  a  well-designed  and  equipped  Lancashire 
boiler,  or,  if  the  feed  water  be  good,  a  Lancashire  boiler 
fitted  with  cross-tubes  and  a  series  of  horizontal  tubes 
above  the  internal  flues. 
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Amongst  the  disadvantages  of  Lancashire  and 
Cornish  boilers  may  be  mentioned  their  cost — when  the 
expensive  nature  of  their  fixing  is  borne  in  mind — for  a 
given  horse-power  and  the  increased  length  of  time 
necessary  to  get  up  steam  as  compared  with  a  locomo- 
tive or  tubular  boiler.  On  the  other  hand  they  possess 
several  important  advantages  in  that  they  can  be  readily 
cleaned  and  repaired — a  matter  of  great  moment  in 
cases  where  the  feed  water  is  bad — and  inferior  fuel, 
wood,  waste  &c.  can  be  burnt  in  them  without  much 
trouble.  If  carefully  fixed  and  fired,  a  Lancashire 
boiler  can  also  be  worked  with  comparatively  little 
smoke.  A  well-designed  Lancashire  boiler  has  a  much 
larger  water  and  steam  space  than  is  usually  found  in 
locomotive  or  water-tube  boilers,  consequently  when 
any  special  or  sudden  demand  is  made  for  steam  it  can 
usually  be  supplied  without  much  inconvenience  or  fall 
in  pressure.  As  already  mentioned,  the  smoke  nuisance 
may — in  a  Lancashire  or  Cornish  boiler — be  reduced  to 
a  minimum,  as  the  grate  surface  is  of  considerable 
length,  and  by  '  coking '  the  fresh  fuel  at  the  furnace 
front  the  air  admitted  has  time  to  rise  in  temperature 
and  mix  with  the  gases  evolved  before  it  reaches  the 
bridge,  and  combustion  is  completed  here  and  in  the 
flue  beyond.  It  may  be  as  well  to  remark  here  that 
the  employment  of  a  fire-clay  bridge  or  arch  can  be 
recommended  both  in  Lancashire  and  locomotive 
boilers. 

Supposing  for  the  time  being  that  a  Lancashire 
boiler  be  selected,  it  may  not  be  out  of  place  to  briefly 
discuss  some  of  the  points  to  be  desired  in  its  construc- 
tion, as,  although  great  improvements  have  taken  place 
of  late  years  in  the  manufacture  of  steam  boilers, 
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boilers  of  inferior  construction  and  equipment  are  still 
made. 

In  selecting  a  boiler,  a  full  detailed  specification  of 
sizes,  materials,  workmanship,  and  fittings  should  in  all 
eases  be  obtained  from  the  manufacturer,  with  the 
brands  of  the  boiler-plates  stated,  and  should  these  not 
be  of  well-established  repute,  a  guarantee  as  to  the 
tensile  strength,  ductility,  and  elasticity  of  the  plates 
employed  should  be  requested. 

As  regards  materials,  mild  steel  plates  (Siemens- 
Martin  open-hearth  process)  are  generally  admitted  to 
be  the  best  and  most  reliable  that  can  be  used  at 
present.  In  the  best  boilers  the  plates  are  specified 
to  have  a  tensile  strength  of  not  less  than  26  tons  per 
square  inch.  The  edges  of  the  plates  should  in  all 
cases  be  planed,  and  the  seams  are  best  made  with  butt 
joints  and  double  butt- straps,  which  are  the  strongest 
and  most  reliable  form.  All  rivet-holes  should  be  drilled 
in  position  when  possible,  and  the  rivets  closed  by 
machine  ;  in  point  of  fact,  materials,  workmanship,  and 
fittings  should  all  be  of  the  highest  class.  The  difference 
in  price  between  a  good  and  a  bad  boiler  is  not  great,  and 
a  user  should  never  be  tempted  to  purchase  a  low-priced 
one,  as  he  will  probably  find  it  a  very  costly  economy. 

For  the  guidance  of  our  readers  we  append  a  short 
specification  of  a  30  horse-power  Lancashire  boiler 
suitable  for  saw-mill  work  : — 

Material. — The  boiler  to  be  made  throughout  of  the 
best  selected  mild  steel  plates  adapted  for  boiler  work, 
the  tensile  strength  of  which  shall  not  be  less  than  26 
tons  per  inch.    Brands  to  be  marked  thereon. 

Shell.— Length  of  boiler,  28  ft. ;  diameter,  6  ft. 
6  in. ;  diameter  of  flues,  2  ft.  3  in. ;  thickness  of  circu- 
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lar  plates,  ^  in.  :  thickness  of  end  plates,  f  in. ;  thick- 
ness of  flue  plates,  |  in.  The  longitudinal  seams  to  be 
double  riveted,  and  to  break  joint  not  less  than  12  in. 

All  rivets  to  be  subjected  to  a  pressure  of  26  tons, 
and  all  rivet-holes  to  be  drilled  in  position  where 
possible. 

All  rivets  to  be  closed  as  far  as  possible  by 
machine. 

Ends  of  boiler  to  be  flanged  to  shell,  and  supported 
by  gusset  staps  riveted  to  double-angle  rings  at  each 
end.  All  plate  edges  to  be  planed  and  carefully  caulked 
inside  and  outside.  The  edges  of  end  plates  and  angle- 
rings  to  be  turned,  and  the  holes  for  flues  to  be  cut  by 
machine. 

Flues. — The  plates  to  be  welded  longitudinally  and 
joined  by  Adamson's  flanged  seams  or  other  approved 
method  for  resisting  collapse. 

Each  flue  to  be  fitted  with  four  Galloway  cross-tubes, 
the  first  to  be  placed  vertically  in  the  fourth  belt  of 
plates. 

Fittings. — One  steel  double-flanged  manhole  double 
riveted  to  top  of  boiler  outside,  and  strengthened 
with  stiffening  piece  and  ring  inside  fitted  with  strong 
manhole  cover,  bolts,  &c.  All  bronches  for  receiving 
mountings  to  be  faced.  Eire-doors  to  be  fitted  with 
air-slides.  Fire-box  and  bars  to  be  arranged  for  burn- 
ing sawdust,  shavings  &c.  as  well  as  coke  and  coal. 
Two  sets  fire-bars  with  bearers,  dead  plates,  damper, 
damper  frame  chains  and  weights.  Suitable  flue  doors 
and  frames  and  floor-plates,  and  frame  for  blow-off  pit. 

Mountings. — One  steam  stop  valve,  valve  of  gun 
metal ;  two  dead  weight  safety  valves  of  ample  area ; 
one  low- water  alarm  ;  one  combined  feed-regulating  and 
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back-pressure  valve;  one  gun-metal  asbestos-packed 
blow-off  cock ;  two  sets  of  asbestos-packed  water-gauge 
fittings ;  one  7  in.  steam-pressure  gauge,  graduated  to 
180  lbs.,  fitted  with  siphon  and  tap;  two  fusible  plugs 
to  be  placed  in  crown  of  furnaces  ;  one  perforated  anti- 
priming  pipe ;  two  asbestos-packed  water-gauge  cocks. 

The  boiler  to  be  tested  by  hydraulic  pressure  to 
double  the  average  working .  pressure  for  which  the 
boiler  is  intended,  and  whole  completed  to  the  satisfac- 
tion of  Mr.   The  author  in  all  cases  recommends 

the  use  of  a  good  feed- water  heater  in  conjunction  with 
the  boiler,  as  there  is  little  doubt  a  distinct  economy  is 
effected  by  raising  the  water  to  a  high  temperature  be- 
fore it  enters  the  boiler  ;  at  the  same  time  it  precipitates 
many  of  the  impurities  contained  in  it,  and  prevents 
tbem  entering  the  boiler.  Feed-water  heaters  have  not 
been  hitherto  as  largely  used  as  they  should  be,  but  as 
skilled  boiler  management  becomes  more  and  more 
necessary  on  account  of  economy  they  should  be  rapidly 
introduced. 

Complicated  forms  of  heaters  should  be  avoided; 
they  should  be  capable  of  being  readily  cleaned  and 
examined,  and  any  tubes  employed  should  be  so 
arranged  that  they  have  freedom  to  expand  and 
contract,  and  the  water  should  have  a  rapid  circu- 
lation. 

Whatever  form  of  feed- water  is  employed,  it  is  im- 
portant that  provision  be  made  to  prevent  any  back 
pressure  on  the  engine.  This  can  be  done  by  fitting  a 
relief  valve  so  arranged  that  whenever  the  pressure  of 
the  exhaust  exceeds  that  of  the  atmosphere  to  any  ap- 
preciable extent,  the  valve  opens  a  communication  be- 
tween the  inlet  and  outlet. 
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CHAPTER  XLVIII. 

RULES  AND  TABLES. 

Rules  for  Calculating  Speeds  of  Shafts  and  Diameters 
of  Pulleys. 

The  speed  of  the  driver  and  the  diameter  and  speed 
of  the  driven  being  given,  to  find  the  diameter  of  the 
driver. 

PEOBLEM  1. 

Rule. — Multiply  the  diameter  of  the  driven  by  its 
speed,  and  divide  the  product  by  the  speed  of  the 
driver ;  the  quotient  will  be  the  diameter  of  the  driver. 

PEOBLEM  2. 

The  speed  of  the  driven  and  the  diameter  and 
speed  of  the  driver  being  given,  to  find  the  diameter  of 
the  driver. 

Rule. — Multiply  the  diameter  of  the  driver  by  its 
speed,  and  divide  the  product  by  the  speed  of  the 
driven ;  the  quotient  will  be  the  diameter  of  the  driven. 

PEOBLEM  3. 

The  diameter  of  the  driven  being  given,  to  find  its 
number  of  revolutions. 

Rule. — Multiply  the  diameter  of  the  driven  by  its 
revolutions,  and  divide  the  product  by  the  diameter  of 
the  driven  ;  the  quotient  will  be  the  number  of  revolu- 
tions of  the  driven. 
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We  give  herewith  tables  of  the  specific  cohesion 
and  strength  and  the  resistance  of  wood  to  pressure  as 
calculated  by  Professor  Wallace. 


Specific  Cohesion  and  Strength  ofi  Wood. 


Alder       ...  . 

* 

1  ouo 

Ash  ... 

from 

1  •'ilC\L 
X  o\}± 

to 

1  -971 

„   red,  seasoned    .       .  . 

JL  ovv 

„    white    ,,         .       .  . 

1"509 

Bay  

rrom 

+(-> 
LO 

Beech       .       .       .       .  • 

1'880 

Cedar   

0*528 

Chestnut,  a  century  in  use 

1"291 

Citron  .... 

irom 

1"357 

+n 

u  000 

Cypress  

•  )) 

U  i  Ou 

» 

0*542 

Elder  .... 

1*086 

Elm  ...... 

1-432 

Fir    ,       .       .       .  • 

from 

1-380 

to 

0*879 

„  pitch  pine  .       .       .  . 

1-398 

» 

0*380 

„  strong  red  . 

1-172 

Memel,  seasoned       .  ■ 

1-154 

„  Kussian 

from 

1'062 

to 

u*yoo 

„  American  . 

„  yellow  deal 

u  yuu 

„  white     „  . 

u  ^too 

,,  Scotch 

\J  iVi. 

„  Scotch,  seasoned 

from 

U  00/ 

10 

U  /  40 

Lance  wood 

2-621 

Larch       .       •       .  • 

1-177 

Lemon  .... 

1-004 

Mahogany,  Spanish  . 

1-283 

Maple,  Norway. 

1-123 

Mulberry  .... 

1-492 

Oak  

from 

1-891 

to 

0*955 

„  English 

•  » 

1-085 

0*936 

„       „  seasoned 

1-509 

„  French 

from 

1-060 

to 

0*960 

„       „  seasoned 

•  )> 

1-559 

1*363 

„   Baltic  „ 

1-211 

„  American  white  . 

1-009 

„   Dantzic     .       .  • 

0-818 

Plum 

from 

1-357 

to 

1-205 

Pomegranate    .       .  . 

1-221 

)> 

0-882 
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Specific  Cohesion  and  Strength  of  Wood — continued. 

Poplar  from    0-705  to  0-488 

Teak,  Java,  seasoned 

„    Pegu       „  , 

„    Malabar  . 


Willow 


from 


l-o09 
1-400 
1-395 
1-375  to  0-809 


Resistance  of  Wood  to  Pressure. 
In  this  table  the  experiments  are  with  cubes  of  1  inch  on  the 

Lbs. 

American  pine   

Elm  

English  oak    ....  .  . 

White  deal  ... 


1,606 
1,284 
3,860 
1,928 


Table  of  Specific  Gravities  of  Seasoned  Timber,  by  W.  Templeton. 


4^ 

cifi 

f  1 
°  2 

^  P 

o 

o 

Alcier 

736 

46 

48f 

Apple  tree 

792 

49^ 

45i 

Ash  . 

845 

52 

43 

Beech 

852 

53i 

42 

Birch,  English . 

792 

49^ 

45i 

„     black,  Ameri- ) 
can       .       .  \ 

648 

401 

55 

Blackwood,  Austra- ) 
lian      .       .  \ 

662 

54 

Blue  gum  . 

1,100 

68f 

32^ 

Box,  French 

1,328 

83 

27 

„  Dutch 

912 

57 

39 

Cedar,  American 
„      Sydney  . 

561 

35 

64 

560 

34i 

64 

„  Canadian 

910 

57" 

39i 

Cherry  tree 

715 

45 

50 

Chestnut  . 

610 

38 

59 

Cork 

240 

15 

149 

Cowrie   pine.  New ) 
Zealand       .  ) 

512 

32 

70 

Crab  tree  . 

768 

48 

46^ 

Ebony,  Indian  . 

1,208 

75i 

29 

„  American 

1,331 

83" 

27 

Elm  .       .    ■  . 

673 

42 

53 

Hawthorn 

610 

38 

59 

Holly  and  hornbeam 

760 

47i 

47i 

Iron  bark,  Australian 

1,233 

77' 

29 

Labixrnum 

920 

57^ 

39 

Lance  wood 

1,023 

64 

35 

Larch 
Lemon  tree 
Lignum  vitae 
Lime  tree 
Logwood  . 
Mahogany,  Spain 

„  Honduras 
Maple 

Oak,  English 
„  American 
„  African 
Orange  tree 
Pear  tree  . 
Pine,  pitch 
„     red  . 
„  white 
„  yellow 
Poona 
Poplar 
Plum  tree . 
Eed  gum,  Australia 
Eosewood,  black 
Sycamore  . 
Teak 

Walnut  . 
Willow  . 
Yew,  Spanish 
„  Dutch 


530 
704 

1,336 
760 
913 
720 
560 
752 
934 
672 
944 
705 
660 
736 
672 
456 
448 
640 
384 
785 
901 

1,280 
624 
750 
671 
585 
807 
788 


31 
44 

83 
471 

57 

45 

35 

47 

58 

42 

59 

44 

41 

46 

42 

28i 

28" 

40 

24 

49 

56 

80 

39 

46 

42 

36i 

50| 

49i 


72J 
51 

2^ 

47i 

39i 

50 

64 

47^ 

38^ 

53i 

38 

49| 

54* 

48| 

53 

lU 

80" 

35 

93i 

45f 

40 

28 

57* 
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Composition  of  Woods. 


Woods 

Carbon 

Hydrogen 

Oxygen 

Nitrogen 

Ash 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Beech 

49-36 

6-01 

42-69 

0-91 

1-00 

Birch 

50-20 

6-20 

41-62 

1-15 

0-81 

Oak 

49-64 

5-92 

41-16 

1-29 

1-97 

Poplar 

49-37 

6-21 

41-60 

0-96 

1-86 

Willow  . 

49-96 

5-96 

39-65 

0-96 

3-37 

Measurement  of  Timber. 
In  measuring  standing  timber  the  length  is  taken 
as  high,  as  the  tree  will  measure  24  inches  in  circum- 
ference. At  half  this  height  the  measurement  for  the 
mean  girth  of  the  timber  in  the  stem  of  the  tree  is 
taken.  One-fourth  this  girth  is  assumed  to  be  the  side 
of  the  equivalent  square  area.  The  buyer  has  generally 
the  option  of  choosing  any  spot  between  the  butt  end 
and  the  half-height  of  the  stem  as  the  girding  place. 
All  branches,  as  far  as  they  measure  24  inches  in  girth, 
are  measured  in  with  the  tree  as  timber. 


Fropo7-tions  of  Metals  for  the  Production  of  Useful  Alloys 
{W.  Templeton). 


Copper 

Tin 

Zinc 

Eabbitt's  

1 

50 

Bearings  for  machinery 

16 

Lell  metal  for  large  bells 

8 

2 

0 

„       „       small  „ 
Brass,  hard  ..... 

16 

5 

0 

1 

0 

„  sheet   

3 

0 

1 

„     yellow  .... 

2 

0 

1 

„     deep  yellow 

1 

0 

2 

Bronze  .       .  . 

4i 

1 

0 

9 

1 

0 

Gun  metal  

11 

2 

0 

8 

1 

1 

Muntz's  metal  .... 

1* 

0 

1 

Spelter  copper  for  brass 

1 

0 

1 

„         „        copper  and  iron 

16 

0 

12  • 

Lead 

Glazier's  solder  .... 

3 

1 

0 

Plumber's  „  .... 

1 

1 

0 

Tinman's    „  .... 

1 

0 
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Table  of  Mechanical  Properties  of  the  Materials  of  (}onstruction. 


S.  Value  of 

Value  of  a 

Weight  of  a 

the  Coefficient 

Resistance 

Tenacity  per 

Cubic  Foot 

of  Absolute 

to  Crushing 

Square  Inch 

iu  Lbs. 

per  Square 

in  Lbs. 

Strength 

Inch  in  Lbs. 

Ash  or  bsGch. 

4.7 

iiS,  loo 

9,000 

14,700 

Box,  dry 

60 

1  A  QAA 

19,800 

Brass,  cast . 

525 

1 8  (\r\r\ 

1  A  QAA 

18,000 

Bricks 

1  3Q 

e/'A  QAA 

280 

OOA  OAr\ 

^oU-oOO 

— 

— 

10,660 

11,900 

Clay 

1  1  Q 

— 

Coal  .       .       .  . 

77-100 

Copper,  cast 

549 

1  y,uuu 

19,000 

Deals,  red. 

oD— 'to 

Q  QTO 

y,c5  / 

6,586 

— 

spruce 

21 

6,293 

Earth,  rammed 

99 

Elm  .       .       .  .' 

36 

6  690 

1  A  QAA 

14,200 

Fir,  Riga 

4-7 

O,04o 

6,000 

12,000 

Glass,  plate 

IDD 

9,400 

9,400 

Gold  .       .       .  . 

l,ZUo 

— 

Granite 

-100 

— 

Gravel 

120 

Iron,  wrought 

481 

49  AAO 

A  A  AAA 
4U,UUU 

51,000 

cast  so^id 

OQ  AAA 

115,000 

20,000 

Ivory  . 

1  1  A 
1 14 

Lance  wood 

63 

1  7  ^^A 

00  AAA 

i!o,000 

Larch 

32 

PL  1  1  G 
0,llO 

5,5<0 

9,500 

Lead 

719 

o,oUU 

3,300 

Mahogany,  S. 

OU 

lljOUU 

8,200 

19,000 

164 

6,060 

— 

Marl 

ilo 

— 

Mercury 

848 

Mortar 

1  A7 

ou 

50 

Oak,  E.      .       .  . 

OO 

1  A  AO.") 

1 0,000 

13,300 

Dantzic 

rr  / 

ft  7zt9 
0,  /  4^ 

7,700 

Canadian   .  , 

04 

10,596 

— 

Pine,  pitch 

4.1 

Q  7Q9 

y,  /yj 

6,790 ' 

7,800 

4Q 
40 

8,046 

7,800 

„    American  yellow 

28 

6,612 

5,400 

Poplar 

23 

6,016 

Sand,  river 

117 

Silver 

644 

Slate  .... 

180 

9,600 

12,000 

Steel  .... 

486 

100,000 

100,000 

Stone .... 

120-170 

1,100-2,360 

6.000 

Teak  .... 

41 

14,772 

12,000 

12,460 

Tin,  cast  . 

455 

4,600 

4,600 

Walnut 

41 

7,227 

8,460 

Water 

62 

Zinc  .... 

439 

7,000 

7,000 
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ABKUPT  angles  or  changes  of  diameter 
ill  spindles  to  be  avoided,  283 
Absorption  of  vibration   by  wooden 

framings,  supposed,  15 
Air  cylinder  for  cushioning  saw  frame, 
282 

Adjustable  packing  pieces  for  circular 
saws,  24 

Adjusting  cutters,  273 

Adjusting  screws  for  regulating  tenon- 
cutter  slides,  175 

Advantages  in  using  band  sawing  ma- 
chines, 147 

Alloy  for  bearings,  29S 

Alloys,  pi'oduction  of,  425 

American  circularsaws,  ti~.ick  gauge  of,31 

American  planing  machines,  88 

American  i-ack  bench,  origin  of,  8 

Amontons,  285 

Ancient  saw  frame  described,  35 
Angle  of  cutting  edge  of  cross-cutting 

cutters,  342 
Angles  of  cutting  edge  of  plane  irons,  342 
Angles  of  saw  teeth  for  cutting  hard  and 

soft  wood,  326 
Antifriction  metal.  Babbitt's.  352 
Arrangement  of  saw  mills,  267 
Arranging  shafting  for  a  saw  mill,  306 
Artificial  seasoning  of  timber,  324 
Asbestos  for  packing  piston  rods,  &c.,  265 
Ashlar  masonry  for  reciprocating  ma- 
chine foundations,  301 
Auger  for  circular  tenoning,  205 
Automatically  adjustable   side  cutter 

for  planing  machines,  103 
Automatic  belt-tightener,  179 
Automatic  damper  for  steam  boilers,  264 
Automatic  self-oiling  bearings,  297 

BABBITT,  J.,  294,  352 
Backing    and     hollowing  cask 
staves,  211,  218 


BEA 

Band  friction  in  lieu  of  clutch  coupling, 
310 

Band  knife  machine  for  cutting  cloth,  129 
Band-saw  blades,  speed  of,  147 
Band-saw  blades,  sharpening,  223 
Band-saw  blades,  setting  teeth  of,  147, 224 
Band-saw  blades  for  cutting  iron,  338 
Band-saw  setting  machine,  338 
Band-saw  blades,  brazing  of,  339 
Band-saw  blades,  quality  and  temper  of, 
339 

Band-saw  blades,  prevention  of  break- 
age, 340 

Band-saw  blades,  gauges  of,  341 

Band-saw  blades,  expansion  and  con- 
traction of,  336 

Band-saw  blades,  teeth  of,  341 

Band  sawing  machines,  management 
of,  363 

Band  sawing  machine,  the  first,  119 
Band  sawing  machines,  self-acting  gear 
for,  145 

Band  or  ribbon  saws,  strains  on,  33G 
Band-saw  guide,  1 35,  145 
Band-saw  wheels,  wrought  iron,  133 
Band-saw  wheels,  wooden,  136 
Band-saw  wheels,  to  angle,  145 
Band  saws  for  cutting  limber,  348 
Band  saws  of  thin  gauge  preferable, 
147 

Rand  saws  for  cutting  ships'  timbers,  124 
Bearings,  adjustable  for  wear,  295 

—  alloy  for,  32 

—  cadmium  as  an  alloy  for,  294 

—  cast  in  chills,  291 

—  cast  iron  for,  296 

—  conical,  299 

—  iiring  or  seizing,  295 

—  fitting,  295 

—  footstep,  298 

—  extended  in  length,  290 

—  kept  cool  by  water,  290 
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nearings,  metals  used  for,  291 

—  phosphor  bronze  for,  292 

—  self- lubricating,  309 

—  subject  to  great  pressure,  399 

—  white  metal  alloys  for,  294 
Bearings  for  wood-working  machinery, 

286 

Belt  gearing,  313 

Belts  and  toothed  gearing  compared,  312 

—  at  short  centres,  273 

—  cotton  do.,  313,  314 

—  driving  of  woven  crucible  steel,  316 

—  driving  slip  of,  314 

—  for  high-speed  machinery,  307 

—  hints  on,  316 

—  leather,  strength  of,  315 

—  leather,  Avorking  tension  table  of,  315 

—  paper  for  driving,  313 

—  should  run  smooth  surface  to  pulley, 
273 

—  tightener,  automatic,  179 

—  to  increase  driving  power  of,  307 

—  twisted,  315 

Bending  wooden  hoops  for  casks,  209 
Bentham,  Sir  Samuel,  2, 71,  73, 149,  166, 

171,  186,  192,  227 
Bevans,  76 

Bevel,  double,  for  cutters,  343 

Bevel  sawing,  diagram  for  guiding,  243 

Blancbard,  199 

Blind  slat  tenoning  machine,  176 
Block,  cutter,  speed  of,  for  planing,  107 
Blyth,  290 
Boilers,  259,  414 

—  corrosion  of,  261 

—  steam,  incrustation  in,  260 

—  steam,  setting,  264 

Boring  and  mortising  machines,  de- 
signing, 169 
Boring  auger,  expanding,  156 
Bow  saw,  hand,  138 
Box  framing,  introduction  of,  15 
Boyd,  198 

Bramah,  J.,  his  first  planing  machine,  74 
Breakage  of  band-saw  blades,  preven- 
tion of,  122 
Brown  and  Flasket,  207 
Brown,  S.,  209 
Brunei,  Sir  I.  K.,  6,  149,  192 
Bungs,  cylindrical  saw  for  cutting,  215 


n  ADMITJM  as  an  alloy  for  bearings,294 
^    Calculating  speeds  of  shafts  and 

diameter  of  pulleys,  347 
Cams  for  working  mortising  chisels,  154 
Cam,  triple  action,  141 


COU 

Cask  staves,  dressing,  216 

 hollowing  and  backing,  211,  218 

 jointing,  214,  217 

 mill-web  saws  for  cutting,  210 

Castings,  contraction  in,  280 

—  quality  of  iron  for,  261 

Cast  iron' for  bearings,  296 

Cast  steel,  method  of  hardening,  352 

Castor  oil  as  a  dressing  for  leather,  320 

Chamfering  cask  staves,  214 

Chain  feed  for  deal  frames,  54 

Chisels,  mortising,  reversing  motion  of, 

153,  154,  160,  164 
Chisels,  mortising,  worked  bj'  cams,  154 
Chisels,  mortising,  with  serrated  back, 

159 

Chisels,  reciprocating,  for  cutting  dove- 
tails, 186 

Circular  saws  above  36  in.  diameter,  32 

 adjustable  packing  pieces  for,  24 

 American  thick  gauge  of,  31 

 and  straight,  325 

 arranged  for  cutting  upwards,  234 

 bench,  the  first,  6 

 benches,  designing,  32 

 for  cutting  veneers,  194 

 for  surfacing,  9 

 for  cutting  dove-tails,  188 

 management  of,  372 

 '  packing '  of,  328 

 prevention  of  undue  friction  in,  12 

 'dished,'  31,  93.  139 

 sharpening  and  setting,  331,  392 

 speed  of  teeth,  19 

 suitable  gauges  for,  330 

 trepanning,  168 

Classes  of  saws,  325 
Clutch  coupling,  friction  band  in  lieu 
of,  820 

Cog  or  mortise  wheels,  311 

Collars  for  'drunken'  saws,  34 

Colour  of  veneers  damaged  by  steaming, 

Compressed  air  utilised  for  stretching 
saws,  46 

Compressive  strain,  65 

Composition  of  -woods,  425 

Compound  treadle  for  mortising  ma- 
chine, 163 

Cone  vice  coupling  for  line  shafting, 
306  ^' 

Contraction  in  castings,  280 

Cork  wood,  difficulty  of  worlcing,  237 

Corrosion  of  steam  boilers,  261 

Cotton  driving  belts,  313,  314 

Coulomb  on  friction,  286 

Couplings  for  mill  shafting,  306 
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Counterbalanced  or  equilibrium  saw- 
frame,  41 

Covei'inf^,  paper,  for  pulleys  to  increase 

driving,  307 
Crank  shafts,  65 
Cross-cutting  saws,  333 
Cross-cutting  cutters,  angle  of,  342 
Croziug  cask  staves,  214 
Cumberland,  I.,  87 

Cushioning  cylinder  for  saw  frames,  280 
Cutter  block,  speed  of,  for  planing,  107 
Cutter  blocks,  necessity  of  balancing,  283 
Cutter  blocks,  73 

Cutter  blocks,  tenoning  screws  for  ad- 
justing, 175 

Cutter  blocks,  balancing,  107 

Cutters,  conical,  for  dove-tailing,  180, 
189,  190 

Cutters,  adjusting,  273 

Cutters,  342 

Cutters,  tempering,  343 

Cutters  for  tenoning  machine,  179-342 

Cutters,  planing,  improved  method  of 
arranf,ang,  101,  102 

Cutters,  fixed,  for  planing,  102 

Cutters,  expanding,  153 

Cutter  tenoning  machine  working 
across  the  grain  of  the  wood,  172 

Cutting  cork  wood  into  sheets,  238 

Cutting  edge  of  plane  irons,  arigle  of 
bevel,  342 

Cutting  iron,  band  saws  for,  338 

Cutting  oval  tenons,  174 

Cutting  piles  under  water,  40 

Cutters,  spiral,  for  chamfering  and  re- 
cessing, 215 

Cutting  timber  from  the  circumference 
inwarls,'9 

Cutting  with  the  grain  of  the  wood  not 
recommended  for  dressing  spokes,  201 

Cylindrical  gouges,  93,  345 

Cylindrical  saw  for  cutting  bungs,  216 

Cycloidal  teeth  for  wheels,  311 


DAMPER,     automatic,    for  steam 
boflers,  264 
Daniels'  planing  machine,  88 
Deal  frsme,  feed  motions  for,  54 
Decomposition  of  wood,  323 
Designiig  a  band  sawing  machine,  143 

—  a  circular  saw  bench,  32 

—  a  geaeral  joiner,  185 

—  mortising  and  boring  machines,  169 

—  mouidingand  planing  machines,  104 

—  tenoning  machine,  177 

—  timhjr  and  deal  frames,  64 


FIR 

Diagram  for  gmding  bevel  sawing,  243 
Diameter  of  pulleys  and  speeds  of  shafts> 

calculating,  347 
Difficultv  of  working  cork  wood,  237 
'Dished"'  circular  saw,  31,  93,  139,  208 
Disc  feed  for  moulding  machine,  9G 
Disc,  steel,  for  dressing  faces  of  grind- 
stones, 226 
Disc,  emerv,  for  sharpening  saws,  speed 

of,  220 
Discs,  frictional,  116 
Double  bevel  for  cutting  tools,  343 
Double-cone  vice  coupling,  306 
Double  rack  feed  for  saw  frames,  59 
Dove-tailing,  conical  cutters  for,  186, 
189,  190 

Dove-tailing,  reciprocating  chisels  for, 
186 

Dressing  staves  for  casks,  216 
Dressing  face  of  grindstones,  226 
Driving  belts,  313 

 cotton  for,  313,  314 

 paper  for,  313 

Driving  pulleys,  width  of,  33 
•  Drunken '  saws,  collars  for,  34 

EASTMAN,  E,,  9 
Eccentric,  variable,  for  altering 
throw  of  mortise  chisels,  165 
Edging  staves  for  casks,  217 
Emery  disc,  for  sharpening  saws,  speed 
of,  220 

 vitrified,  for  sharpening  saws,  220 

—  hone  for  finishing  cutters,  225 
Engines,  high-pressure  condensing,  256, 

407 

—  small  high-speed,  258 

—  vertical  combined  with  boiler,  258 
Expanding  boring  auger,  156 
Expanding  cutters,  153 

Expansion  and  contraction  of  band-saw 

blades,  336 

 of  saws,  uniform,  330 

Equilibrium  or   counterbalanced  saw 

frame,  41 

riARRAR,  James,  91 

i-     East  and  loose  pulleys,  309 

Fay,  J.  A.,  174 

Feed,  gradual,  for  mortising  chisels,  1 62, 
164 

Feed,vertical,for  mortising  machines,  157 
Felling  trees,  time  for,  323 
First  band  sawing  machine,  119 
Firsthand-power  mortising  machine,229 
I   First  planing  machine,  70 


430 


INDEX. 


FIR 

First  tenoning  machine,  174 
Fitting  bearings,  295 
Fitting  feather  on  mortising  chisels,  230 
Fixed  cutters  for  planing,  102 
Fixing  machines  on  unsound  founda- 
tions, 300 
Fixing  mortising  chisels,  230 
Fly  press  for  guUeting  saws  dispensed 

M-ith,  222 
Footstep  bearings,  298 
Forging  spindles,  284 
Foundations,  machine,  300 
Framing,  box,  introduction  of,  15 
Framing  of  machines  with  a  recipro- 
cating motion,  282 
Framings,  vibrating  strains  on,  277 
Framings  of  wood-working  machines,277 
Fret  saws,  method  of  holding,  143 
Frictional  discs,  116 
Friction  band  in  lieu  of  clutch  coupling. 
310 

Friction  on  band  or  ribbon  saws,  336 
Friction,  on,  286 

Friction  on  line  shafting,  method  of  re- 
ducing, 308 
Friction  on  saws,  330 


GAUGE,  thin, preferable  for  band  saws, 
147 

Gauges  suitable  do.  do.,  340 
Gauges  suitable  for  circular  saws,  330 
Gauges  suitable  for  straight  saws,  331 
Gear,  Andrew,  113 
Gearing  and  shafting,  305 
Gearing,belt,for  transmitting  motion,3 13 
Gearing,  toothed,  do.  do.,  310 
General  joiner,  designing  a,  185 
Gibbs  and  Gatley,  41,  210 
Gibbs,  J.,  249 

Glue  for  fastening  leather  to  iron,  320 
Glue,  waterproof,  319 
Gouges,  cylindrical,  93,  345 
(jrouges,  double,  157 
Gouges,  tempering,  346 
Government  inspection  of  steam  boilers, 
264 

Gradual  feed  for  mortising  chisels,  162, 
164 

Graduated  stroke  for  mortising  ma- 
chines, 163 
Gravities,specific,  of  seasoned  timber,149 
Green,  211 

Green  timber,  sawing,  334 
Greenwood  and  Sayner,  8 
Grindstones,  dressing  the  face  of,  226 
Guard,  self-adjusting,  117 


LIN 

Guard  and  guide  for  circular  saws,  329 

Guide  for  band  saws,  135,  145 

Gun  stocks,  recessing  method  of,  245 


HAIGH,  40 
Hammond,  Charles,  10,  39 
Hand  planes,  67,  68 
Hard  woods,  saws  for  cutting,  322,  326 
Hardening  cast  steel,  352 
Hatcon,  70 

High-speeded  deal  frames,  feed  for,  55 
High-speed  engines,  small,  258 
High-speed  machinery,  belts  for,  307 

 starting,  310 

Hints  on  belts,  316 
Holland,  329 

Hollow  auger  for  tenoning,  205 

Hollow    cutter-block  and  spindle  for 
dressing  spokes,  199 

Hollowing  and  backing  cask  staves, 
211,  217 

Hone  for  finishing  cutters,  225 
j    Hoops,  wooden,  bending,  209 
!    Hunter,  William,  93 

Hydraulic  or  hydrostatic  travelling  ta- 
ble, 74 


TLL-CONDITIONED  timber,  324 
j   -L    Increased  feeding  power  for  wet 
j      timber,  53 

Incrustation  in  steam  boilers,  260 

Intermediate  pinions,  311 

Involute  teeth  for  wheels,  31 

Irons,  fixed,  for  planing,  345 

Irons,  moulding,  344 


JOINER,  general,  designing  a,  185 
Jointing  cask  staves,  214,  217 
Jointing  or  brazing  band  saws,  method 
of,  339 

Joints,  compressed  wood  pulp  for,  266 
Jordan,  199,  249 


KNIFE  for  cutting  veneers,  193, 195, 
196 


T  FATHER  belting,  hints  on,  316 
J-i    Leather,  dressing  for,  320 
Leather,  to  preserve,  from  mould,  319 
Length  and  diameter  of  bearings,  290 
Line  shafting,  speed  of,  305 
 strains  on,  305 
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Line  shafting,  arranging,  for  saw  mills, 
306 

Link  motion  on  mortising  machines, 

invention  of,  151 
Load,  suddenly  applied,  280 
Loose  pullej^s,  309 
Lubricants  for  bearings,  296 
Lubricants  for  bearings  subject  to  heavy 

pressure,  299 
Lubricating  bearing,  self,  309 


MACHINE  foundations,  300 
Machinery,  high-speed,  starting, 

310 

Masonry  for  reciprocating  machine 
foundations,  301 

Maudsley,  H.,  10,  39 

Measurement  of  timber,  425 

Metals  used  for  bearings,  291 

Method,  improved,  of  arranging  cutters 
for  planing  machines,  101 

Method  of  brazing  band  saws,  339 

Method  of  hardening  cast  steel,  352 

Method  of  holding  fret  saws,  143 

Method  of  packing  circular  saws,  328 

Method  of  pressing  circular  saws  in- 
stead of  hammering,  328 

Method  of  sharpening  and  setting  saw 
teeth,  331 

Mill  saws,  method  of  stretching,  37 

Mill  shafting,  speed  of,  305 

 couplings  for,  306 

Mills,  saw,  arrangement  of,  267 

Mill-^veb  saws  in  section,  334 

Mill-web  saws  for  cutting  cask  staves,210 

 should  be  ground  thinner  to- 
wards back, 334 

Mortising  and  boring  machines,  de- 
signing, 169 

—  auger  for  forming  square  holes,  151 

—  chisels,  gradual  feed  for,  162,  104 

—  chisel  with  serrated  back,  159 

—  chisel,  fitting  feather  to,  230 
 fixing,  230 

Mortise  or  cog  wheels,  311 
Mortising  machines,  Brunei's,  148 

 chisels,  reversing  motion  for,  153, 

154,  160,  164 

 classes  of,  148 

 double  gouge  for,  157 

 for  forming  carpenters' planes,  152 

 graduated  stroke  for,  163 

 linli  luotion,  on  invention  of,  151 

 triangular  wedge  piece  for  ob- 
viating jar  on,  155 
 vertical  feed  for.  157 


PLA 

Motion,  gearing,  toothed,  for  trans- 
mitting, 310 

Motion,  swivelling,  for  table  of  tenon- 
ing machine,  175 

Motive  power  for  driving  wood- working 
machinery,  250 

Moulding  irons,  344,  397 

Mouldings,  preparing  wood  for,  272 

Muir,  Malcolm,  79 

Murdock,  168 


lUECESSITY    of   balancing  cutter 

IN    blocks,  283 

Newberry,  William,  119 

Novel  method  of  driving  a  saw  frame,  42 

Novel  self-acting  feed,  241 


ABJECTIONS  to  punching  saw  teeth, 
U  328 

Oil,  castor,  as  a  dressing  for  leather,  320 
Outside  cutter  moulding  machine,  109 
Oval  tenons,  cutting,  174 


PACKING  for  piston  rods,  265 
-L     Packing  pieces,  adjustable,  for  cir- 
cular saws,  24 
Page,  E.,  241 

Paper  covering  for  pulleys,  to  increase 

driving  power  of  belts,  307 
Paper  for  driving  belts,  313 
Parquet  flooring,  preparing,  98 
Patterns  for  castings,  272 
Peculiar  motion  given  to  circular  saws 

for  cuttiuii:  dove-tails.  177 
Pe'rin,  M.,  120 

Phosphor  bronze  for  bearings,  292 
Piles,  cutting,  under  water,  40 
Pipes,  steam,  covering  of,  265 
Pinions,  intermediate,  311 
Pinus  familj',  321,  326 
Planing  irons,  fixed,  346 

—  machine,  American,  88 

 automatically  adjustable  side  cut- 
ter for,  103 

 balancing  cutter  block  of,  107 

 bearings  of,  106 

 cutters,  spiral  or  twisted,  101 

 Daniels',  88 

—  •—  designing,  104 

 duplicate  set  of  top  cutters,  106 

 flexible  chain-feed  bed  for,  91 

 important  element  in  working,  1 05 

 improved  method  of  arranging 

cutters,  101,  102 
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Planing  machine,  outside  cutter,  109 

 roller-feed,  89 

 spindles  of,  for  finishing,  106 

 the  first,  70 

 thin-wood,  109 

 traverse,  89 

 Woodworth,  88 

Flasket  and  Brown,  207 

Positive  stroke  in  mortising  machines 

objectionable,  161 
Power  gradually  applied,  280 
Power,  transmitting,  for  high-speeded 

machinery,  815 
Press,  fly,  for  gulleting  saws,  dispensed 

with,  222 

Prevention  of  breakage  of  band-saw 

blades,  346 
Prevention  of  end  play  in  mill  shafting, 

806 

Prevention  of  slipping  of  belts,  807 
Prevention  of  undue  friction  to  circular 

saws,  12 
Production  of  useful  alloys,  350 
Pulleys,  diameter  and  sjpeeds  of  shafts, 

calculating,  347 
Pullej's,  fast  and  loose,  of  varying  dia- 
meters, 869 
Pulleys,  loose,  809 

QUALITY  of  iron  for  castings,  281 
Quality  and  temper  of  band-saw 
blades,  339 

RACK  BENCH,  American,  origin  of,  8 
Rack  feed,  double,  for  saw  frames,  59 

 improvement  in,  81 

Reasons  for  saws  running  out  of  truth, 
330 

Recessing  and  chamfering  with  spiral 
cutters,  215 

—  gun  stocks,  method  of,  245 
Reciprocating    motion    for  mortising 

chisels,  153, 154,  160, 164 
Reciprocating  chisels  for  cutting  dove- 
tails, 186 

—  saws  for  cutting  cask  staves,  210 
Reducing  friction  on  line  shafting,  me- 
thod of,  308 

Rennie,  G.,  285,  287 
Reversing  cutter  spindles,  115 
Revolving  tool  box  for  mortising  ma- 
chines, 233 

—  wedge,  30 

Ribbon  or  band  saws,  336 

 for  cutting  hard  woods,  341 

 iron,  338 


SEL 

Ribbon  or  band  saws,  setting  of,  338 

 shape  of  teeth,  341 

 strains  on,  336 

Robertson,  211 

Rods,  piston,  packing  for,  265 
Roller-feed  planing  machine,  89 
Rolling  action  for  reducing  friction,  291 
Rotative  motion,  73 
Rules  and  tables,  422 


O  AND-PAPERING  flat  surfaces,  240 
^    Saw  frame,  ancient,  described,  35 

 counterbalanced  or  equilibrium,  41 

 novel  method  of  driving,  42 

Saw  frames,  reducing  vibration  in,  301 
Sawing  green  timber,  SS4 
Saw  mills,  arrangement  of,  267 
Saw  teeth,  objections  to  gulleting  with 
punch,  328 

 sharpened  uniformly,  327 

 tendency  to  assume  original  posi- 
tion, 331 

Saw-sharpening  machine,  speed  of,  220 
Saws,  band,  for  cutting  hard  woods,  341 

 iron,  338 

 of  thin  gauge  preferable,  147 

 or  ribbon,  336 

 setting,  338 

 shape  of  teeth,  341 

 strains  on,  836 

Saws,  circular,  arranged  to  cut  upwards, 
254 

 shape  of  teeth  of,  835 

 class  of,  325 

 guard  and  guide,  329 

 for  cutting  soft  woods,  322,  326 

 cedar,  322 

 hard  woods,  322,  326 

 method  of  packing,  328 

 table  of  gauges,  suitable,  330 

Saws,  cross-cutting,  333 

—  mill- web,  for  cutting  cask  staves,  210 

—  running  out  of  truth,  reason  for,  330 

—  sharpening  and  setting  teeth  of,  331 

—  straight,  in  section,  334 

 and  circular,  324 

Sayner  and  Greenwood,  8 

Screws  for  adjusting  tenoning  machine 

cutter-blocks,  175 
Seasoning  timber,  artificial  apparatus 

for,  324 

Sectional  or  false  teeth  of  circular  saws,  9 
Self-acting  feed  gear  for  band  saws,  145 
Self-acting  feeds,  66 
 vertical  feed  for  mortising  ma- 
chines, 157 
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Self-actino;  feed,  novel,  241 

—  adjusting  guard,  117 

—  oiling  bearings,  297 

—  lubricating  bearings,  309 
Setting  teeth  of  band-saw  blades,  147 

—  veneer  slicing  knives,  197 
Shafting  and  gearing,  305 
Shafts,  crank,  65 
Sharpening  band-saw  blades,  223 

—  and  setting  teeth  of  saws,  331 
Shell  bearings  kept  cool  by  water,  290 
Ships'  block  mortising  machines  (Bru- 
nei's), 150,  224 

Short  driving  belts,  273 

Siugle-bladed  saw  frames,  66 

Slender  grounds  of  novelty  on  which 

patents  are  granted,  221 
Slicing  veneers,  192 
Slip  of  driving  belts,  314 
Southern,  287 

Specific  cohesion  and  strength,  and  the 

resistance  of  wood  to  pressure,  424 
Specific  gravities  of  seasoned  timber,  349 
Speed  of  band-saw  blades,  147 

 for  cutting  iron,  146 

 cutter  block  for  planing,  107 

 irregular  moulding  and  shaping 

machines,  117 

 mill  shafting,  305 

 teeth  of  circular  saws,  19 

 saw-sharpening  machine,  220 

 shafts  and  diameter  of  pulleys, 

calculating,  347 
Spherical  circular  saw  for  stave-cutting, 
^  -.'08 

Spindles,  reversing  cutter,  115 

Spindles,  abrupt  angles  or  changes  of 
diameter  in,  to  be  avoided,  283 

Spindles,  forging,  284 

Spiral  cutters,  for  chamfering  and  re- 
versing, 215 

Spi.ral  or  twisted  cutters  for  planing,  101, 

Starting  high-speed  machinerj-,  310 
Staves,  cask,chamfering  and  crozing,214 
Staves,  cask,  dressing,  216 
Staves,  cask,  hollowing  and  backing,  211 
Staves,  cask,  Jointing,  214,  217 
Stiam  boilers,  259 

 corrosion  in,  261 

 Government  inspection  of,  264 

 incrustation  in,  260 

 setting,  260 

 springing  action  in,  262 

Steam  joints,   compressed  wood  pulp 

_  for,  266 

Sttam  pipes,  covering  for,  265 


TIM 

Steel,  cast,  method  of  hardening,  352 

—  hardening,  for  cutters,  352 

Stocks,  gun,  method  of  recessing,  245 

Strains,  compressive,  65 

Strains  on  line  shafting,  305 

Strength  of  leather  belts,  315 

Stretching  mill-web  saws,  method  of,  37 

Stretching  mill-web  saws  by  means  of 
compressed  air,  46 

Stroke,  graduated,  for  mortising  ma- 
chines, 163 

Suddenly  applied  load,  280 

Surfacing,  circular  saw  for,  9 

Swing  frame,  on,  65 

Swivelling  motion  for  table  of  tenoning 
machines,  175 


TABLE  of  suitable  gauges  for  band- 
saw  blades,  340 
Table  of  do.  circular  saws,  330 

 straight  saws,  331 

Tables  and  rules,  422 
Teeth,  cycloidal,  for  wheels,  311 
Teeth,  involute,  for  wheels,  311 
Teeth  of  band-saw  blades,  setting  of, 
147,  224 

 shape  of,  341 

 for  cutting  iron,  336 

 saws,  sharpening  and  setting,  331 

Temperature  necessary'  to  effect  colour 

in  hardening  steel,  353 
Temperature  for  artificial  seasoning  of 

timber,  324 
Tempering  cutting  tools,  343 
Tempering  gouges,  346 
Temper  of  band-saw  blades,  347 
Tendency'  of  saw  teeth  to  assume  origi- 
nal position,  331 
Tenon-cutting,  auger  for,  205 
Tenoning  machines,  classes  of,  171 
 cutter  blocks,  screws  for  adjust- 
ing, 175 

 cutters  working  across  the  grain  of 

the  wood,  172,  342 

 designing,  177 

 swivelling  motion  for  table  of,  175 

Tension,  working,  of  leather  belting,  315 
Thin-gauge  band  saws  are  preferable,  147 
Thin-wood  planing  machine,  109 
Thouard,  M.,  120 

Timber  and  deal  frames,  designing,  64 
Timber,  artificial,  seasoning  of,  324 
Timber-cutting  from  exterior  to  centre,  9 
Timber,  green,  sawing,  334 
Timber,  ill-conditioned,  324 
Timber,  measurement  of,  350 
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Timber,  specific  gravities  of,  349 
Tool  box,  revolving,  for  mortising  ma- 
chines, 233 
Toothed  and  belt  gearing  compared,  312 
Toothed  gearing  for  transmitting  mo- 
tion, 310 
Touroude,  M.,  119 

Transmitting  power  in  high-speed  ma- 
chinery, 315 

Ti-avelling  table,  hydraulic  or  hydro- 
static, 74 

Traverse  planing  machine,  89 

Treadle,  compound,  for  mortising  ma- 
chines, 163 

Trepanning  saw,  IfiS 

Trees,  time  for  felling,  323 

Triangular  wedge  piece  for  obviating 
vibration,  155 

Triple-action  cam,  141 

Trotter,  32 

Turner's  cement,  352 

Turning  up  face  of  grindstone,  226 

Twisted  belts,  315 

TTNGUENTS  for  bearings,  296 

 subject  to  heavy  pressure, 

299 

YACUUM    cylinder   for  counterba- 
lancing saw  frame,  45 
Variable  eccentric  for  altering  throw  of 

mortising  chisels,  165 
Various  forms  of  saw  teeth,  335 
Vegetable  substances  for  bearing  sur- 
face, 294 


WRO 

Veneer-cutting  machines,  classes  of,  192 

—  steaming  process,  192 

—  knife  for,  193,  195,  196 
Vibrating  strain  on  framings,  277 
Vibration,  supposed  absorption  of,  15 
Vibration,  reducing,  in  saw  frames,  301 
Vince,  De,  286 

Vitrified  emery  disc  for  sharpening 
saws,  220 


WATERPROOF  glue,  319 
Wedge,  revolving,  30 
Wet  or  frozen  timber,  increased  feeding 

power  for,  53 
White  metal  alloys  for  bearings,  294 
Wheels,  mortise  or  cog,  311 
Wood,  321 

Wood,  decomposition  of,  323 
Wooden  band-saw  wheels,  136 
Wooden  hoops,  bending,  209 
Wood  pulp,  compressed,  for  steam  joints, 
266 

Wood,  preparing,  for  mouldings,  272 
Wood,  its  resistance  to  pressure  and 

specific  cohesion  and  strength,  348 
Wood,  scraping  surface  of,  97 
Woods,  composition  of,  350 
Wood-working  machines,framings  of  277 
Woodworth's  planing  machine,  88 
Working  tension  of  leather  belting. 

table  of,  315 
Woven  cruci  ble  steel  for  driving  belts  31 6 
Wrought-iron  band-saw  wheels,  133 
Wrought  iron  faced  with  steel  for  cut- 
ters, 343 
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THE  MECHANICAL  ENGINEER'S  POCKET-BOOK. 

Comprising  Tables,  Formulae,  Rules,  and  Data  :  A  Handy  Book  of  Reference 
for  Daily  Use  in  Engineering  Practice.  By  D.  Kinnear  Ci.ark.  M.  InM.  C.E., 
Fifth  Edition,  thoroughly  Revised  and  Enlarged.  By  H.  H.  P.  Povvles, 
A.M.I.C.E.,  M.I.M.E.  Small  8vo,  700  pp.,  bound  in  flexible  Leather  Cover, 
rounded  corners.  [/ys(  Published.    Net  6/0 

Summary  of  Contents  :— Mathematical  Tablf.s.— measuremhntof  Surfaces 
AND  Solids.— English  weights  and  Measures.— French  Metric  Weights  and 
Measures.— Foreign  Weights  and  measures.— Moneys.— Specific  Gravity, 
Weight,  and  volume.— Manufactured  Metals.— Steel  Pipes.— Bolts  and  nuts.— 
Sundry  Articles  in  Wrought  and  Cast  Iron,  copper,  Brass,  Lead,  Tin,  Zinc- 
strength  OF  Materials.  —  Strength  of  Timber.- Strength  of  Cast  iron  — 

S  rRENGTH  of  WROUGHT  IRON,— STRENGTH  OF  STEEL.— TENSILE  STRENGTH  Of  COPPER, 

Lead,  &c.— Resistance  of  Stones  and  other  building  Materials.— Riveted  Joints 
in  Boiler  Plates.— Boiler  Shells.— wire  Ropes  and  Hemp  Ropes.— Chains  and 
Chain  Cables.— FRAMING.— HARDNESS  OF  metals.  Alloys,  and  Stones.— Labour  of 
animals.— Mechanical  Principles.— Gravity  and  fall  op  Bodies.— accelerating 
AND  Retarding  Forces.— Mill  Gearing,  Shafting,  &c.— Transmission  of  motive 
Power.— Heat.— Combustion :  Fuels.— warm.ing,  ventilation.  Cooking  Stoves.— 
Steam.— Steam  Engines  and  boilers.— Railways.- Tramways.— Steam  Ships.— 
Pumping  steam  Engines  and  pumps.— Coal  Gas,  Gas  engines,  &c.— Air  in  Motion. 
—Compressed  air.— Hot  air  Engines.— water  Power.— Speed  of  Cutting  Tools. 
—Colours.— Electrical  Engineering. 

"  Mr.  Clark  manifests  what  is  an  innate  perception  of  what  is  likely  to  be  useful  in  a  pocket- 
book,  and  he  is  really  unrivalled  in  the  art  of  condensation.  It  is  very  difficult  to  hit  upon  any 
mechanical  engineering  subject  concerning  which  this  work  supplies  no  information,  and  the 
excellent  index  at  the  end  adds  to  its  utility.  In  one  word,  it  is  an  exceedingly  handy  and  efficient 
tool,  possessed  of  which  the  engineer  wiU  be  saved  many  a  wearisome  calculation,  or  yet  more 
wearisome  hunt  through  various  text-books  and  treatises,  and,  as  such,  we  can  heartily  recommend 
It  to  our  readers." — The  Engineer, 

"  It  would  be  found  difficult  to  compress  more  matter  within  a  similar  compass,  or  produce  a 
book  of  700  pages  which  should  be  more  compact  or  convenient  for  pocket  reference.  .  .  .  Will 
be  appreciated  by  mechanical  engineers  of  ail  classes." — Practical  Engineer. 
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MR.  MUTTON'S  PRACTICAL  HANDBOOKS. 


THE  WORKS'  MANAGER'S  HANDBOOK. 

Comprising  Modern  Rules,  Tables,  and  Data.  For  Engineers,  Millwrights, 
and  Boiler  Makers  ;  Tool  Makers,  Machinists,  and  Metal  Workers  ;  Iron  and 
Brass  Founders,  &c.  By  W.  S.  Hutton,  Civil  and  Mechanical  Engineer, 
Author  of  "The  Practical  Engineer's  Handbook."  Sixth  Edition,  carefully 
Revised,  and  Enlarged.  In  One  handsome  Volume,  medium  8vo,  strongly 
bound  15/0 

Qflf  The  Author  having  compiled  Rules  and  Data  for  his  own  use  in  a  great 
variety  of  modern  engineering  work,  and  having  found  his  notes  extremely  useful, 
decided  to  publish  them — revised  to  date — believing  that  a  practical  work,  suited  to 
the  DAILY  REQUIREMENTS  OF  MODERN  ENGINEERS,  would  be  favourably  received. 

*'0f  this  edition  we  may  repeat  tiie  appreciative  remarlcs  we  made  upon  tiie  first  and  tliird. 
Since  the  appearance  of  tlie  latter  very  considerable  modifications  have  been  made,  although  the 
total  number  of  pages  remains  almost  the  same.  It  is  a  very  useful  collection  of  rules,  tables,  and 
workshop  and  drawing  ofiice  data." — The  E7i^ineer,^  May  lo,  1895. 

"  The  author  treats  every  subject  from  the  point  of  view  of  one  who  has  collected  workshop 
notes  for  application  in  workshop  practice,  rather  than  from  the  theoretical  or  literary  aspect.  The 
volume  contains  a  great  deal  of  that  kind  of  information  which  is  gained  only  by  practical  experience, 
and  is  seldom  written  in  books." — Th^  Engineer,  June  5,  1885. 

"  The  volume  is  an  exceedingly  useful  one,  brimful  with  engineer's  notes,  memoranda,  and 
rules,  and  well  worthy  of  being  on  every  mechanical  engineer's  bookshelf." — Mechatiical  World, 

"  The  information  is  precisely  that  likely  to  be  required  in  practice.  .  .  .  The  work  forms 
a  desirable  addition  to  the  library  not  only  of  the  works'  manager,  but  of  any  one  connected  with 
general  engineering." — Mining  Journal, 

"  Brimful  of  useful  information,  stated  in  a  concise  form,  Mr.  Button's  books  have  met  a 
pressing  want  among  engineers.  The  book  must  prove  extremely  useful  to  every  practical  man 
possessmg  a  copy." — Practical  Etigineer. 

THE  PRACTICAL  ENGINEER'S  HANDBOOK. 

Comprising  a  Treatise  on  Modern  Engines  and  Boilers,  Marine,  Locomotive, 
and  Stationary.  And  containing  a  large  collection  of  Rules  and  Practical 
Data  relating  to  Recent  Practice  in  Designing  and  Constructing  all  kinds  of 
Engines,  Boilers,  and  other  Engineering  work.  The  whole  constituting  a  com- 
prehensive Key  to  the  Board  of  Trade  and  other  Examinations  for  Certificates 
of  Competency  in  Modern  Mechanical  Engineering.  By  Walter  S.  Hutton, 
Civil  and  Mechanical  Engineer,  Author  of  "The  Works'  Manager's  Handbook 
for  Engineers,"  &c.  With  upwards  of  420  Illustrations.  Sixth  Edition, 
Revised  and  Enlarged.    Medium  8vo,  nearly  560  pp.,  strongly  bound. 

\Just  Published.   1 8/0 

B4r~  This  Work  is  designed  as  a  companion  to  the  Author's  "Works' 
Manager's  Handbook."  It  possesses  many  new  and  original  features,  and  con- 
tains, like  its  predecessor,  a  quantity  of  matter  not  originally  intended  for  publication 
but  collected  by  the  Author  for  his  own  use  in  the  construction  of  a  great  variety  of 
Modern  Engineering  Work. 

The  information  is  given  in  a  condensed  and  concise  form,  and  is  illustrated  by 
upwards  of  420  Engravings ;  and  comprises  a  quantity  of  tabulated  matter  of  great 
value  to  all  engaged  in  designing,  constructing,  or  estimating  for  Engines,  Boilers, 
a«<3?  other  Engineering  Work. 

"■We  have  kept  it  at  hand^or  several  weeks,  referring  to  it  as  occasion  arose,  and  we  have  not 
on  a  single  occasion  consulted  its  pages  without  finding  the  information  of  which  we  were  in  quest." 
— Athenaum. 

"  A  thoroughly  good  practical  handbook,  which  no  engineer  can  go  through  without  learning 
something  that  will  be  of  service  to  him." — Marine  Eyi^neer. 

'*  An  excellent  book  of  reference  for  engineers,  and  a  valuable  text-book  for  students  of 
engineering." — Scotsman. 

"  This  valuable  manual  embodies  the  results  and  experience  of  the  leading  authorities  on 
mechanical  engineering." — Bitilding  News, 

"  The  author  has  collected  together  a  surprising  quantity  of  rules  and  practical  data,  and  has 
shown  much  judgment  in  the  selections  he  has  made.  .  .  .  There  is  no  doubt  that  this  book  is 
one  of  the  most  useful  of  its  kind  published,  and  will  be  a  very  popular  compendium."— £«j7'««r. 

"  A  mass  of  information  set  down  in  simple  language,  and  in  such  a  fonn  that  it  can  be  easily 
referred  to  at  any  time.  The  matter  is  uniformly  good  and  well  chosen,  and  is  greatly  elucidated 
by  the  illustrations.  The  book  will  find  its  way  on  to  most  engineers'  shelves,  where  it  will  rank  as 
one  of  the  most  useful  books  of  reference." — Practical  Engineer. 

"  Full  of  useful  information,  and  should  be  fouijd  on  the  office  shelf  of  all  practical  engineers," 
—English  Mechanic, 
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MR.  MUTTON'S  PRACTICAL  HAND  BOO  KS-co»«»««d. 
STEAM  BOILER  CONSTRUCTION. 

A  Practical  Handbook  for  Engineers,  Boiler-Makers,  and  Steam  Users 
Containing  a  large  Collection  of  Rules  and  Data  relating  to  Recent  Practice 
m  the  Design  Construction,  and  Working  of  all  Kinds  of  Stationary,  Loco- 
motive, and  Marine  Steam-Boilers.  By  Walter  S.  Hutton,  Civil  and 
Mechanical  Engineer,  Author  of  "  The  Works'  Manager's  Handbook  "  "The 
Practical  Engineer's  Handbook,"  &c.  With  upwards  of  500  Illustrations. 
J  hird  Edition,  thoroughly  Revised,  in  part  Re-*ritten,  and  much  Enlarged. 
Medium  8vo,  over  600  pages,  cloth,  strongly  bound  ....  18/0 
I.  .7.  -^"'.^  Work  is  issued  in  continuation  of  the  Series  of  Handbooks  written 

by  the  Author  VIZ.  .--"The  Works' Manager's  Handbook  "  and  "  The  Practical 
Engineers  Handbook,"  which  are  so  highly  appreciated  by  engineers  for  the 
practical  nature  of  their  information ;  and  is  consequently  written  in  the  same  stvle 
as  those  works. 

The  Author  believes  that  the  concentration,  in  a  convenient  form  for  easy 
reference,  of  such  a  large  amount  of  thoroughly  practical  information  on  Steatn- 
tiouers,  will  be  of  considerable  service  to  those  for  whom  it  is  intended,  and  he  trusts 
the  book  may  be  deemed  worthy  of  as  favourable  a  reception  as  has  been  accorded  to 
%ts  predecessors. 

m,n„„"-?"f     ""-^  uff--  'f  °"  that  has  ever  been  published.    The  infor- 

mation IS  of  the  right  lend  in  a  simple  and  accessible  form.  So  far  as  generation  is  concerned  this 
Is,  undoubtedly,  the  standard  book  on  steam  practice.  R^ieiv  concerned,  this 

„„,         V*^"^     'j">i'  J?""" '•^^'S"  '^"d  management,  is  clearly  laid  before  the  reader.  The 

volume  shows  that  boiler  construction  has  been  reduced  to  the  condition  of  one  of  the  most  exact 
^Marine^st^i^hr  "  ''^"^  '°  *  Engineer  and  Worli  Mana|er?" 

n„w  nlJo'^f  ^lil''^  tS"E  '^^t"  '"^r^J"'  ^  modern  handbook  on  steam  boilers ;  there  is  not  that  room 
r„  J^'»  .„n\.  has  filled  it.    It  is  a  thoroughly  practical  book  for  those  who  are  occupied 

In  the  construction,  design,  selection,  or  use  of  hoilers."— Engineer  uccupicu 
lihr,^rj  important  and  comprehensive  a  character  that  it  must  find  its  way  into  the 

nfntTn  w^'^^""^  interested  m  boiler  using  or  boiler  manufacture  if  they  wish  to  be  thorougWy 
Market  '  ""^o^Sly  recommend  the  book  for  the  intrinsic  value  of  its  iontents."-^a^A.««rj- 

PRACTICAL  MECHANICS'  WORKSHOP  COMPANION. 

Comprising  a  great  variety  of  the  most  useful  Rules  and  Formula  in  Mechanical 
bcience,  with  numerous  Tables  of  Practical  Data  and  Calculated  Results  for 
facilitating  Mechanical  Operations.    By  William  Templeton,  Author  of 
1  he  Engineer's  Practical  Assistant,"  &c.,  &c.   Eighteenth  Edition,  Revised 
Modernised,  and  considerably  Enlarged  by  Walter  S.  Hutton,  C.E  Author 
of     'The  Works'  Manager's  Handbook,"  "The  Practical  Engineer's  Hand- 
book,   &c.     Fcap.  8vo,  nearly  500  pp.,  with  8  Plates  and  upwards  of  250  Illus- 
trative Diagrams,  strongly  bound  for  workshop  or  pocket  wear  and  tear .  6/0 
"  In  its  modernised  foi-m  Mutton's  '  Templeton  '  should  have  a  wide  sale,  for  it  contains  much 
H^l^i^if.'r   r"V"°"  the  mechanic  will  often  find  of  use,  and  not  a  few  tables  and  notes  which 

he  might  look  for  m  vam  m  other  works.  This  modernised  edition  will  be  appreciated  by  all  who 
have  learned  to  value  the  original  editions  of  •  TempXeton.-"— English  Mechanic 

"  It  has  met  with  great  success  in  the  engineering  workshop,  as  we  can  testify  :  and  there  are 
a^^eat  many  men  who,  m  a  great  measure,  owe  their  rise  in  life  to  this  little  hhoY."— Building 

"^"^'^  familiar  text-book— well  known  to  all  mechanics  and  engineers-is  of  essential  service 
to  the  every-day  requirements  of  engineers,  miUwrights,  and  the  various  trades  connected  with 
/^r^7sfconfNotke.f  modernised  edition  is  worth  its  weight  in  ^o\i.:'-Buill^g 

"  This  weU-known  and  largely-used  book  contains  information,  brought  up  to  date  of  the 
?f  1"  V  "'^  fo/e™*"  and  draughtsman.    So  much  fresh  information  has  b4en  introduced  as 
''^^  ^  •    "        ''^  '^'■^'^'^  "''"^      "'^  ""^^  workshop."- 

hn.1,  f'^M^  publishers  wisely  entrusted  the  task  of  revision  of  this  popular,  valuable,  and  usefu 
Dook  to  Mr.  Hutton,  than  whom  a  more  competent  man  they  could  not  have  found."— /row. 


ENGINEER'S  AND  MILLWRIGHT'S  ASSISTANT. 

A  Collection  of  Useful  Tables,  Rules,  and  Data.    By  William  Templeton. 

Eighth  Edition,  with  Additions.    i8mo,  cloth  2/6 

"  Occupies  a  foremost  place  among  books  of  this  kind.  A  more  suitable  present  to  an 
apprentice  to  any  of  the  mechanical  trades  could  not  possibly  be  made."— £«i7a!i«.>-  News 

deservedly  popular  work.    It  should  be  in  the  '  drawer '  of  every  m^hamc"— English 


CROSBY  LOCKWOOD  &•  SON'S  CATALOGUE. 


THE  MECHANICAL  ENGINEER'S  REFERENCE  BOOK. 

For  Machine  and  Boiler  Construction.  In  Two  Parts.  Part  I.  General 
Engineering  Data.  Part  II.  Boiler  Construction  With  5i  Plates  and 
numerous  Illustrations.  By  Nelson  Foley,  M.I  N.A  Second  Edition, 
Revised  throughout  and  much  Enlarged.    Folio,  half-bound  .    A/et    *,3  38. 

PATJT  TI  -TREATING  OF  POWER  OF  BOILERS.- USEFUL  RATIOS.-NOTES  ON 
CONSTRu'Sto";  -™INDRICAL     BOILER     SHELLS.  -  CIRCULAR     F™CEs^  p^AT 

BOILER  CALCULATIONS  AND  DRAWINGS  OF  MANY  VARIETIES  OF  BOILERS. 

S^e  o\\}rjL':'^ni^ec^^^^^^^^^^  mechanical  engineers. "-^^W^.  ^n^^... 

"We  l,ave  carefuUy  exan,ined  this  work;  and  pronounce  it  a  most  excellent  reference  book 
,e  uYe  of  marine  eng{neers."-y<.«ma/  o/A^^rican  Society  0/ Naval  Engtneers. 


or  the  1 


COAL  AND  SPEED  TABLES. 

A  Pocket  Book  for  Engineers  and  Steam  Users.  „  By  Nelson  Foley,  Author 
of  "The  Mechanical  Engineer's  Reference  Book."    Pocket  size,  cloth  .  3/6 

TliosP  tibles  are  designed  to  meet  the  requirements  of  every-day  use  ;  they  are  of  sufficie 
scope  ll  ^^w^^^^M^VO^--.  and  n.ay  be  conunendod  to  eugmeersand  users  of  steam.  -l,on. 

TEXT-BOOK  ON  THE  STEAM  ENGINE. 

With  a  Supplement  on  Gas  Engines,  and  Part  "•""H^a'^.  Engines  By 
T  M.  Goodeve,  M.A.,  Barrister-at-Law,  Professor  of  Mechanics  at  the  ^oyA 

—Uinini^-  'journal. 

ON  GAS  ENGINES.  ^  ^  ^ 

With  Appendix  describing  a  Recent  Engine  with  Tube  Igniter.    By  T.  M^ 

Goodeve,  M.A.    Crown  8vo,  cloth  •       •  • 

"  Like  all  Mr.  Goodeve's  writings,  the  present  is  no  exception  in  point  of  general  excellence. 
It  is  a  valuable  little  soXwae."— Mechanical  World. 

THE  QAS=ENQINE  HANDBOOK. 

~    ■  gner  and  the  iLngineer. 
-avinp-s.  Small  FcaD.  8v  , 

Net  8/6 


"a  Manual  of  Useful  Information  for  the  Designer  and  the  Engineer.  By  E.  W. 
Roberts,  M.E.  With  Forty  Full-page  Engravings.  Small  Fcap.  Svo^WAen 

A  TREATISE  ON  STEAM  BOILERS. 

Their  Strength,  Construction,  and  Economical  Working.    By  R.  Wilson,  CE. 

Fifth  Edition.    i2mo,  cloth  ^  '  ' 

"  The  best  treatise  that  has  ever  been  published  on  steam  boilers.  •-Engtneer. 

THE  MECHANICAL  ENGINEER'S  COMPANION 

of  Areas,  Circumferences,  Decimal  Equivalents,  in  !"^hes  and  feet  millimetres, 
snuares  cubes  roots,  &c.  ;  Strerglh  of  Bolt?,  Weight  of  Iron,  &c.  ,  Weights, 
Measures  and  other  Data.'  Also  Practical  Rules  for  Engine  Proportions.  By 
R  Edwards,  M.Inst.C.E.  Fcap.  8vo,  cloth.  a/O 
"A  very  useful  little  volume.     It  contains  many  tables,  classified  data  and  memoranda 

^^"""'^hruprof::srt:b^?ha'n^ 

informaUon  likerto  be  required  by  mecLnical  engineers  In  their  everyday  office  work.  -Aaturc. 


MECtiANtCAL  ENCWE&RtMO,  S-c. 


A  HANDBOOK  ON  THE  STEAM  ENGINE. 

With  especial  Reference  to  Small  and  Medium-sized  Engines.  For  the  Use  of 
Engine  Makers,  Mechanical  Draughtsmen,  Engineering  Students,  and  users 
of  Steam  Power.  By  Herman  Haeder,  C.E.  Translated  from  the  German 
with  additions  and  alterations,  by  H.  H.  P.  Powles,  A.M.I. C.E..  M.I.M.E. 
Th'rJ   Edition,    Revised.      With  nearly   i,ioo  Illustrations.     Crown  8vo, 

cloth  Nc-t  TIG 

"  A  perfect  encyclopsedia  of  the  steam  engine  and  its  details,  and  one  which  must  take  a  per- 
manent place  in  English  drawing-offices  and  workshops."—^  Foreman  Pattern-maker. 

"This  is  an  excellent  book,  and  should  be  in  the  hands  of  all  who  are  interested  m  the  con- 
struction and  design  of  medium-sized  stationary  engines.  .  .  .  A  careful  study  of  its  contents  and 
the  arrangement  of  the  sections  leads  to  the  conclusion  that  there  is  probably  no  other  book  like  it 
In  this  country.  The  volume  aims  at  showing  the  results  of  practical  experience,  and  it  certainly 
may  claim  a  complete  achievement  of  this  idea." — Nature. 

"There  can  be  no  question  as  to  its  value.  We  cordially  comniend  it  to  all  concerned  in  the 
design  and  construciion  of  tlic  steam  e\isme."—.Mahaincal  World. 

BOILER  AND  FACTORY  CH1MNEY5. 

Their  Draught-Power  and  Stability.  With  a  chapter  on  Lightning  Conductors. 
By  Robert  Wilson,  A.I.C.E.,  Author  of  "A  Treatise  on  Steam  Boilers,"  &c. 

Crown  8vo,  cloth  3/6 

"  A  valuable  contribution  to  the  literature  of  scientific  building."— TAe  Builder. 

BOILER  MAKER'S  READY  RECKONER  &  ASSISTANT. 

With  Examples  of  Practical  Geometry  and  Templating,  for  the  Use  of  Platers, 
Smiths,  and  Riveters.  By  John  Courtney,  Edited  by  D.  K.  Clark, 
M.I. C.E.  Fourth  Edition,  480  pp.,  with  140  Illustrations.  Fcap.  8vo,  half- 
bound  7/0 

"  No  workman  or  apprentice  should  be  without  this  book."— /row  Trade  Circular. 

REFRIGERATION,  COLD  STORAGE,  &  ICE-MAKING: 

A  Practical  Treatise  on  the  Art  and  Science  of  Refrigeration.  By  A.  J. 
Wallis-Tavler,  A.M.Inst.C.E.,  Author  of  '  Refrigerating  and  Ice-Making 
Machinery."    600  pp.,  with  360  Illustrations.    Medium  8vo,  cloth. 

^  [Just  Published.    Net  1  5/0 

"The  author  has  to  be  congratulated  on  the  completion  and  production  of  such  an  impor- 
tant work  and  it  cannot  fail  to  have  a  large  body  of  readers,  for  it  leaves  out  nothing  that  would  in 
any  way  he  of  value  to  those  interested  in  the  subject."— 5feaOTjAj>>.  ,  , 

"  No  one  whose  duty  it  is  to  handle  the  mammoth  preserving  installations  of  these  latter  clays 
can  afford  to  be  without  this  valuable  'boo'^." —Glasgmu  Herald. 

THE  POCKET  BOOK  OF  REFRIGERATION  AND  ICE- 

MAKINQ  FOR  1903. 

Edited  by  A.  J.  Wallis-Tavler,  A.M.Inst.C.E.  Author  of  "  Refrigerating 
and  Ice-making  Machinery,"  &c.    Small  Crown  8vo,  cloth. 

Uust  Publislud.    Net  2/6 

REFRIGERATING  &  ICE-MAKING  MACHINERY. 

A  Descriptive  Treatise  for  the  Use  of  Persons  Employing  Refrigerating 
and  Ice-Making  Installations,  and  others.  By  A.  J.  Wallis-Tayler, 
A.-M.  Inst.  C.E.    Third  Edition,  Enlarged.    Crown  8vo,  cloth. 

\]ust  Published.  7/6 

"Practical,  explicit,  and  profusely  illustrated."— Glasg-ow  Herald. 

"  We  recommend  the  book,  which  gives  the  cost  of  various  systems  and  illustrations  showing 
details  of  parts  of  machinery  and  general  arrangements  of  complete  installations."— ^K»7rf«r. 

"  May  be  recommended  as  a  useful  description  of  the  machinery,  the  processes,  and  of  the 
facts,  figures,  and  tabulated  physics  of  refrigerating.  It  is  one  of  the  best  compilations  on  the 
subject. ' — Engineer. 

TEA  MACHINERY  AND  TEA  FACTORIES. 

A  Descriptive  Treatise  on  the  Mechanical  Appliances  required  in  the  Cultiva- 
tion of  the  Tea  Plant  and  the  Preparation  of  Tea  for  the  Market.  By  A.  J. 
Wallis-Tayler,  A.-M.  Inst.  C.E.  Medium  8vo,  468  pp.  With  21S 
Illustrations.  [Just  Published.    Net  25/0 

"  When  tea  planting  was  first  introduced  into  the  British  possessions  little,  if  any,  machinery 
was  employed,  but  now  its  use  is  almost  universal.  This  volume  contains  a  very  full  account  of  the 
machinery  necessary  for  the  proper  outfit  of  a  factory,  and  also  a  description  of  the  processes  best 
carried  out  by  this  macliinery."— yo«;-«a/  Society  0/ Arts. 


6        CROSBY  LOCK  Wool)       SOr^'S  CATALOG  VS. 


ENQINEERINQ  ESTIMATES,  COSTS,  AND  ACCOUNTS. 

A  Guide  to  Commercial  Engineering.  With  numerous  examples  of  Estimates 
and  Costs  of  Millwright  Work,  Miscellaneous  Productions,  Steam  Engines  and 
Steam  Boilers ;  and  a  Section  on  the  Preparation  of  Costs  Accounts.  By 

A  General  Manager.  Second  Edition.  8vo,  cloth  12/0 

"This  is  an  excellent  and  very  useful  book,  covering  subject-matter  in  constant  requisition  in 

every  factory  and  workshop.  .  .  .  The  book  is  invaluable,  not  only  to  the  young  engineer,  but 

also  to  the  estimate  department  of  every  works."— Builder. 

"  We  accord  the  work  unqualified  praise.    The  information  is  given  in  a  plain,  straightforward 

manner,  and  bears  throughout  evidence  of  the  intimate  practical  acquaintance  of  the  author  with 

every  phase  of  commercial  engineering."— Mechanical  IVorld. 

AERIAL  OR  WIRE=ROPE  TRAMWAYS. 

Their  Construction  and  Management.  ByA.  J.Wallis-Tayler,  A.M.Inst.C.E. 

With  Si  Illustrations.    Crown  8vo,  cloth  7/6 

"  This  is  in  its  way  an  excellent  volume.  Without  going  into  the  minutiae  of  the  subject,  it 
yet  lays  before  its  readers  a  very  good  exposition  of  the  various  systems  of  rope  transmission  in  use, 
and  gives  as  well  not  a  little  valuable  information  about  their  working,  repair,  and  management. 
We  can  safely  recommend  it  as  a  useful  general  treatise  on  the  subject."— TAe  Ensineer. 

MOTOR  CARS  OR  POWER=CARRIAQES  FOR  COMMON 

ROADS. 

By  A.  J.  Wallis-Tayler,  A.  M.  Inst.  C.E.,  Author  of  "Modern  Cycles," 
&c.  212  pp.,  with  76  Illustrations.  Crown  8vo,  cloth  ....  4/6 
.  .  ,  .  "  ^^'^  book  is  clearly  expressed  throughout,  and  is  just  the  sort  of  work  that  an  engineer, 

thmkmg  of  turning  his  attention  to  motor-carriage  work,  would  do  well  to  read  as  a  preliminary 

to  starting  o^erA\.ions."~ Engineering. 

PLATING  AND  BOILER  MAKING. 

A  Practical  Handbook  for  Workshop  Operations.  By  Joseph  G.  Horner, 
A.M.I. M.E.  380  pp.  with  338  Illustrations.  Crown  8vo,  cloth  .  .  7/6 
"  This  work  is  characterised  by  that  evidence  of  close  acquaintance  with  workshop  methods 
which  wiU  render  the  book  exceedingly  acceptable  to  the  practical  hand.  We  have-  no  hesitation 
in  commciulinH'  tlie  work  as  a  serviccalile  and  practical  handbook  on  a  subject  which  has  not 
hitherto  received  much  attention  from  those  qualified  to  deal  with  it  in  a  satisfactory  manner." — 
Mechanical  World. 

PATTERN  MAKING. 

A  Practical  Treatise,  embracing  the  Main  Types  of  Engineering  Construction, 
and  including  Gearing,  Engine  Work,  Sheaves  and  Pulleys,  Pipes  and  Columns, 
Screws,  Machine  Parts,  Pumps  and  Cocks,  the  Moulding  of  Patterns  in  Loam 
and  Greensand,  estimating  the  weight  of  Castings  &c.  By  Joseph  G.  Horner, 
A.M.I.M.E.  Third  Edition,  Enlarged.  With  4S6  Illustrations.  Crown  Svo, 
cloth.  \Ju%t  Published.    Net  7/6 

•  A  "  ^  well-written  technical  guide,  evidently  written  by  a  man  who  understands  and  has  prac- 
tised what  he  has  written  about.  .  .  .  We  cordially  recommend  it  to  engineering  students,  young 
journeymen,  and  others  desirous  of  being  initiated  into  the  mysteries  of  pattern-making." — Builder. 

"An  excellent  vade  mecum  for  the  apprentice  who  desires  to  become  master  of  his  trade." 
—English  Mechanic. 

MECHANICAL  ENGINEERING  TERMS 

(Lockwood's  Dictionary  of).    Embracing  those  current  in  the  Drawing  Office, 
Pattern  Shop,  Foundry,  Fitting,  Turning,  Smiths',  and  Boiler  Shops,  &c.  Com- 
prising upwards  of  6,  000  Definitions.    Edited  by  J.  G.  Horner,  A. M.I. M.E. 
Third  Edition,  Revised,  with  Additicns.    Crown  Svo,  cloth.       .    Net  "JjQ 
"Just  the  sort  of  handy  dictionary  required  by  the  various  trades  engaged  in  mechanical  en- 
gineering.   The  practical  engineering  pupil  will  findthebookof  great  value  in  his  studies,  and  every 
foreman  engineer  and  mechanic  should  have  a  copy." — Building NeTvs. 

TOOTHED  GEARING. 

A  Practical  Handbook  for  Offices  and  Workshops.  By  J.  Horner,  A.M. I. M.E, 

With  184  Illustrations.    Crown  8vo,  cloth  6/0 

"  We  give  the  book  our  unqualified  praise  for  its  thoroughness  of  treatment,  and  recommend 
it  to  all  interested  as  the  most  practical  book  on  the  subject  yet  v/ritten.  '—  Mechanical  Ji'orld. 

FIRES,   FIRE-ENGINES,  AND  FIRE  BRIGADES. 

With  a  History  of  Fire-Engines,  their  Construction,  Use,  and  Manage- 
ment ;  Foreign  Fire  Systems ;  Hints  on  Fire-Brigades,  &c.  By  C.  F.  T. 
Young,  C.E.    Svo,  cloth  £1  4s. 

"To  such  of  our  readers  as  are  interested  in  the  subject  of  fires  and  fire  apparatus  we  can 
most  heartily  commend  this  book." — Engineering. 


MECHANICAL  ENGINEERING.  S-c. 
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AERIAL  NAVIGATION. 

A  Practical  Handbook  on  the  Construction  of  Dirigible  Balloons,  Aerostats, 
Aerop'aiies,  and  Aeretnotors.  By  Frederick  Walker,  C.E.,  Associate 
Member  of  the  Aeronautic  Inititute.  With  104  Illustrations.  Large  Crown 
8vo,  cloth.  [Just  Published.    Net.  7/6 

STONE-WORKING  MACHINERY. 

A  Manual  dealing  with  the  Rapid  and  Economical  Conversion  of  Stone.  With 
Hints  on  the  Arrangement  and  Management  of  Stone  Works.    By  M.  Powis 
Bale,  M.I. M.E.    Second  Edition,  enlarged.    Crown  8vo,  cloth    .       .  9/0 
'*  TIic  book  should  be  In  the  hands  of  every  mason  or  student  of  stonework." — Celliery 
Guardian. 

"  A  capital  handbook  for  all  who  manipulate  stone  for  building  or  ornamental  purposes."— 
Machinery  Market. 

PUMPS  AND  PUMPING. 

A  Handbook  for  Pump  Users.  Being  Notes  on  Selection,  Construction,  and 
Management.    By  M.  Powis  Bale,  M.I. M.E.    Fourth  Edition.  Crown 

8vo,  cloth  3/6 

"The  matter  is  set  forth  as  concisely  as  possible.  In  fact,  condensation  rather  than  diffuse- 
ness  has  been  the  author's  aim  throughout ;  yet  he  does  not  seem  to  have  omitted  anything  likely  to 
t)e  of  use." — Journal  0/  Gas  Lighting. 

"  Thcrou^^ii'y  practical  and  clearly  written." — Glasgow  Ht^yaltl. 

MILLING  MACHINES  AND  PROCESSES. 

A  Practical  Treatise  on  Shaping  Metals  by  Rotary  Cutters.  Including 
Information  on  Making  and  Grinding  the  Cutters.  By  Paul  N.  Hasluck, 
Author  of  "  Lathe-Work."  With  upwards  of  300  Engravings.  Large  crown  Bvo, 

cloth  1 2/6 

"  A  new  departure  in  engineering  literature.  .  .  .  We  can  recommend  this  work  to  all  in- 
terested in  milling  machines  ;  it  is  what  it  professes  to  be — a  practical  treatise." — Engineer. 

"  A  capital  and  reliable  book  which  will  no  doubt  be  of  considerable  service  both  to  those 
who  are  already  acquainted  with  the  process  as  well  as  to  those  who  contemplate  its  adoption.'*— 
Industries. 

LATHE=WORK. 

A  Practical  Treatise  on  the  Tools,  Appliances,  and  Processes  employed  in 
the  Art  of  Turning.    By  Paul  N.  Hasluck.   Seventh  Edition.  Crown  8vo, 

cloth  5/0 

*'  Written  by  a  man  who  knows  not  only  how  work  ought  to  be  done,  but  who  also  knows  how 

to  do  It,  and  how  to  convey  his  knowledge  to  others.    To  all  turners  this  book  would  be  valuab'e."— 

Engineering. 

"  We  can  safely  recommend  the  work  to  young  engineers.  To  the  amateur  it  will  simply  be 
invaluable.   To  the  student  it  will  convey  a  great  deal  of  useful  Information." — Engineer. 

SCREW-THREADS, 

And  Methods  of  Producing  Them.    With  numerous  Tables  and  complete 
Directions  for  using  Screw-Cutting  Lathes.    By  Paul  N.  Hasluck,  Author 
of  "  Lathe- Work,"  &c.    Fifth  Edition.    Waistcoat-pocket  size     .  .1/6 
"  Full  of  useful  information,  hints  and  practical  criticism.    Taps,  dies,  and  screwing  tools 
generally  are  illustrated  and  their  action  Aexri'bed."— Mechanical  World. 

"  It  is  a  complete  compendium  of  all  the  details  of  the  screw-cutting  lathe  j  In  fact,  a  multutr,- 
in-parvo  on  all  the  subjects  it  treats  upon." — Carpenter  and  Builder. 

TABLES  AND  MEMORANDA  FOR  ENGINEERS, 

MECHANICS,  ARCHITECTS,  BUILDERS,  &c. 

Selected  and  Arranged  by  Francis  Smith.  Sixth  Edition,  Revised,  including 
Electrical  Tables,  Formul.*:,  and  Memoranda.  Waistcoat-pocket  size, 
limp  leather        .       .       .       .       .  .       .       .       .       .  '1/6 

"It  would,  perhaps,  be  as  difficult  to  make  a  small  pocket-book  selection  of  notes  and  formulae 
to  suit  all  engineers  as  it  would  be  to  make  a  universal  medicine  ;  but  Mr.  Smith's  waistcoat- 
pocket  collection  may  be  looked  upon  as  a  successful  attempt." — Engineer. 

"  The  best  example  we  have  ever  seen  of  270  pages  of  useful  matter  packed  Into  the  dimen- 
slons  of  a  C3.rd-ca.se."— Building  News.  "  A  veritable  pocket  treasury  of  knowledge."— /»■««. 

POCKET  GLOSSARY  OF  TECHNICAL  TERMS. 

English-French,  French-English ;  with  Tables  suitable  for  the  Architectural, 
Engineering,  Manufacturing,  and  Nautical  Professions.     By  John  James 
Fletcher.    Third  Edition,  200  pp.   Waistcoat-pocket  size,  limp  leather  1/6 
"  It  is  a  very  great  advantage  for  readers  and  correspondents  in  France  and  England  to  hav  e 
so  large  a  number  of  the  words  relating  to  engineering  and  manufacturers  collected  in  a  lUiputian 
volume.    The  little  book  will  be  useful  both  to  students  and  travellers."— yircAjfec/. 

"  The  glossary  of  terms  is  very  complete,  and  many  of  the  Tables  are  new  and  well  arranged. 
We  cordially  commend  the  book."— Mechanical  tVorld, 


8         CROSBY  LOCKWOOD  &-  SON'S  CATALOGUE. 


THE  ENGINEER'S  YEAR  BOOK  FOR  1903. 

Comprising  Formulae,  Rules,  Tables,  Data  and  Memoranda  in  Civil,  Mechanical, 
Electrical,  Marine  and  Mine  Engineering.  By  H.  R.  Kempe,  A.M.  Inst.  C.E., 
M.I.E.E.,  Principal  Technical  Officer,  Engineer-in-Chief's  Office,  General  Post 
Office,  London,  Author  of  "A  Handbook  of  Electrical  Testing,"  "The 
Electrical  Engineer's  Pocket-Book,"  &c.  With  i,ooo  Illustrations,  specially 
Engraved  for  the  work.    Crown  8vo,  about  i,odo  pp.,  leather. 

[Just  Published.  8/0 

"Kempe's  Year  Book  really  requires  no  commendation.  Its  sphere  of  usefulness  is  widely 
known,  and  it  is  used  liy  engineers  tnc  world  over."— 7"/k  ang'ineer. 

"The  volume  is  distinctly  in  advance  of  most  similar  publications  in  this  country."— 
Engineenn£: 

"  This  valuable  and  well-designed  book  of  reference  meets  the  demands  of  all  descriptions  of 
engineers." — Saturday  Rnjiew. 

"Teems  with  up-to-date  information  in  every  branch  of  engineering  and  construction."— 
Building  News. 

"  The  needs  of  the  engineering  profession  could  hardly  be  supplied  in  a  more  admirable, 
complete  and  convenient  form.  To  say  that  it  more  than  3ustaii\s  2iU  comparisons  is  praise  of  the 
highest  sort,  and  that  may  justly  be  said  of  it." — Mining  youmaL. 

"  There  is  certainly  room  for  the  newcomer,  which  supplies  explanations  and  directions,  as 
well  as  formulae  and  tables.  It  deserves  to  become  one  of  the  most  successful  of  the  technical 
annuals.  ■' — A  rchitect. 

"  Brings  together  with  great  skill  all  the  technical  information  which  an  engineer  has  to  use 
day  by  day.    It  is  in  every  way  admirably  equipped,  and  is  sure  to  prove  successful." — Scots-man. 

"  The  up-to-dateness  of  Mr.  Kempe's  compilation  is  a  quality  that  will  not  he  lost  on  the  busy 
people  for  whom  the  work  is  intended." — Glasgow  Herald. 

THE  PORTABLE  ENGINE. 

A  Practical  Manual  on  its  Construction  and  Management.  For  the  use 
of  Owners  and  Users  of  Steam  Engines  generally.     By  William  Dyson 

Wansbrough.    Crown  8vo,  cloth  3/6 

"  This  is  a  work  of  value  to  those  who  use  steam  machinery.  .  .  .  Should  be  read  by  every 
one  who  has  a  steam  engine,  on  a  farm  or  elsewhere." — Mark  Lane  Express. 

"  We  cordially  commend  this  work  to  buyers  and  owners  of  steam-engines,  and  to  those  who 
have  to  do  with  their  construction  or  use." — Timber  Trades  Journal. 

"  Such  a  general  knowledge  of  the  steam-engine  as  Mr.  Wansbrough  furnishes  to  the  reader 
should  be  acquired  by  all  intelligent  owners  and  others  who  use  the  steam-engine." — Building  News. 

"  An  excellent  text-book  of  this  useful  form  of  engine.  The  '  Hints  to  Purchasers '  contain  a 
good  deal  of  common-sense  and  practical  wisdom." — English  Mechanic. 

IRON  AND  STEEL. 

A  Work  for  the  Forge,  Foundry,  Factory,  and  Office.  Containing  ready, 
useful,  and  trustworthy  Information  for  Ironmasters  and  their  Stock-takers ; 
Managers  of  Bar,  Rail,  Plate,  and  Sheet  Rolling  Mills ;  Iron  and  Metal 
Founders ;  Iron  Ship  and  Bridge  Builders ;  Mechanical,  Mining,  and  Con- 
sulting Engineers ;  Architects,  Contractors,  Builders,  &c.  By  Charles  Hoare, 
Author  of  "  The  Slide  Rule,"  &c.    Ninth  Edition,    samo,  leather        .  6/0 

"  For  comprehensiveness  the  book  has  not  its  equal." — Iron. 

"  One  of  the  best  of  the  pocket  books." — English  Mechanic, 


CONDENSED  MECHANICS. 

A  Selection  of  Formulae,  Rules,  Tables,  and  Data  for  the  Use  of  Engineering 
Students,  &c.    By  W.  G.  C.  Hughes,  A.M.I. C.E.   Crown  8vo,  cloth  .  2/6 
"  The  book  is  well  fitted  for  those  who  are  preparing  for  examination  and  wish  to  refresh 
their  knowledge  by  going  through  their  formulae  again." — Marine  Engineer. 

THE  SAFE  U5E  OF  STEAM. 

Containing  Rules  for  Unprofessional  Steam  Users.   By  an  Engineer.  Seventh 

Edition.    Sewed  Qo. 

"  If  steam-users  would  but  learn  this  little  book  by  heart,  boiler  explosions  would  become 
sensations  by  their  rarity." — English  Mechanic. 

THE    CARE  AND    MANAGEMENT  OF  STATIONARY 
ENGINES. 

A  Practical  Handbook  for  Men-in-cbarge.    By  C.  Hurst.    Crown  8vo,  cloth. 

IJust  Published.    Net   1  /O 
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THE  LOCOMOTIVE  ENGINE. 

The  Autobiography  of  an  Old  Locomotive  Engine.  By  Robert  Weather- 
burn,  M.I.M.E.  With  Illustrations  and  Portraits  of  George  and  Robert 
Stephenson.    Crown  8vo,  cloth.  JVet  2/6 

SUMMAKv  OF  CONTENTS:  —  Prologue. —  Cylinders.  —  Motions.  —  Connecting 
Rods.—  frames.— wheels.  —  Pumps,  Clacks,  &c.  —  injectors.  —  Boilers.— Smoke 
Box.— Chimney.— Weather  Board  and  Awning.— Internal  Dissensions.— Engine 
Drivers,  &c. 

"  It  would  be  difficult  to  imagine  anything  more  ingeniously  planned,  more  cleverly  worked 
out,  and  more  charmingly  written.  Readers,  whether  young  or  old  of  a  mechanical  turn,  cannot 
fail  to  find  the  volume  most  enjoyable  as  well  as  most  ins'ructivt;."— (r/aj^cw  Herald. 

THE  LOCOMOTIVE  ENGINE  AND  ITS  DEVELOPMENT. 

A  Popular  Treatise  on  the  Gradual  Improvements  made  in  Railway  Engines 
between  1803  and  1C03.  By  Clement  E.  Stretton,  C.E.  Sixth  Edition, 
Revised  and  Enlarged.    With  130  Illustrations.   Crown  8vo,  cloth. 

\]u$t  Published.    Net  4/6 

"  Students  of  railway  history  and  all  who  are  interested  in  the  evolution  of  the  modem 
o-omotive  will  find  much  to  attract  and  entertain  in  this  volume." — The  Times. 

LOCOMOTIVE  ENGINE  DRIVING. 

A  Practical  Manual  for  Engineers  in  Charge  of  Locomotive  Engines.  By 
Michael  Reynolds,  formerly  Locomotive  Inspector,  L.  B.  &  S.  C.  R. 
Eleventh    Edition.     Including   a   Key   to    the   Locomotive  Engine. 

Crown  8vo,  cloth  4/6 

"  Mr.  Reynolds  has  supplied  a  want,  and  has  supplied  t  well.  We  can  confidently  recom- 
mend the  book  not  only  to  the  practical  driver,  but  to  everyone  who  takes  an  interest  in  the 
performance  of  locomotive  engines." — The  Engineer. 

"  Mr.  Reynolds  has  opened  a  new  chapter  in  the  literature  of  the  day.  This  admirable 
practical  treatise,  of  ttie  practical  utility  of  wliicli  we  have  to  speak  in  terms  of  warm  commendation." 
— Athenaum. 

THE  MODEL  LOCOMOTIVE  ENGINEER, 

Fireman,  and  Engine-Boy.  Comprising  a  Historical  Notice  of  the  Pioneer 
Locomotive  Engines  and  their  Inventors.    By  Michael  Reynolds.  Second 

Edition,  with  Revised  Appendix.    Crown  8vo,  cloth  4/6 

"  We  should  be  glad  to  see  this  book  in  the  possession  of  everyone  in  the  kingdom  who  has 
ever  laid,  or  is  to  lay,  hands  on  a  locomotive  engine." — Iron. 

CONTINUOUS  RAILW^AV  BRAKES. 

A  Practical  Treatise  on  the  several  Systems  in  Use  in  the  United  Kingdom  : 
their  Construction  and  Performance.    By  Michael  Reynolds.    8vo,  cloth 

9/0 

"  A  popular  explanation  of  the  different  brakes.  It  will  be  of  great  assistance  in  forming 
public  opinion,  and  will  be  studied  with  benefit  by  those  who  take  an  interest  in  the  brake." — English 
Mechanic. 

STATIONARY  ENGINE  DRIVING. 

A  Practical  Manual  for  Engineers  in  Charge  of  Stationary  Engines.  By 
Michael  Reynolds.  Sixth  Edition.  With  Plates  and  Woodcuts. 
Crown  8vo,  cloth  4/6 

"  The  author's  advice  on  the  various  points  created  is  clear  and  practical." — Engineering. 

"  Our  author  leaves  no  stone  untunied.  He  is  determined  that  his  readers  shall  not  only 
know  something  about  the  stationary  engine,  but  all  about  it." — Engineer, 

ENGINE-DRIVING  LIFE. 

Stirring  Adventures  and  Incidents  in  the  Lives  of  Locomotive  Engine- 
Drivers.  By  Michael  Reynolds.  Third  Edition.  Crown  8vo,  cloth  .  1/6 
"  From  first  to  last  perfectly  fascinating.    Wilkie  Collins's  most  thrilling  conceptions  are 

thrown  into  the  shade  by  true  incidents,  endless  in  their  variety,  related  in  every  page." — North 

British  Mail. 

THE  ENGINEMAN'S  POCKET  COMPANION, 

And  Practical  Educator  for  Enginemen,  Boiler  Attendants,  and  Mechanics. 
By  Michael  Reynolds.  With  45  Illustrations  and  numerous  Diagrams. 
Fourth  Edition,  Revised.    Royal  i8mo,  strongly  bound  for  pocket  wear.  3/6 

"  A  most  meritorious  work,  ^^iving  in  a  succiiicl  and  practical  form  all  the  information  an 
cngine-niinder  desirous  of  m.'istering  the  scientific  principles  of  his  daily  calling  would  requiie." — 
The  Miller, 
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LIGHT    RAILWAYS    FOR   THE   UNITED  KINGDOM, 

INDIA,  AND  THE  COLONIES. 

A  Practical  Handbook  setting  forth  the  Principles  on  which  Light  Railways 
should  be  Constructed,  Worked,  and  Financed  ;  and  detailing  the  Cost  of 
Construction,  Equipment,  Revenue  and  Working  Expenses.  By  J.  C.  Mackay, 
F.G.S.,  A.M.  Inst.  C.E.    Illustrated  with  Plates  and  Diagrams.    8vo,  cloth 

15/0 

"  Mr.  Mackay 's  volume  is  clearly  and  concisely  written,  admirably  arranged,  and  freely 
illustrated.  The  book  is  exactly  what  has  been  long  wanted.  We  recommend  it  to  all  interested 
in  the  subject.    It  is  sure  to  have  a  wide  sale." — Rail-way  News. 

TUNNELLING. 

A  Practical  Treatise.  Ey  Charles  Prelini,  C.E.  With  additions  by 
Charles  S.  Hill,  C.E.  With  150  Diagrams  and  Illustrations.  Royal  8vo, 
cloth  ;Vei  1  6/0 

PRACTICAL  TUNNELLING. 

Explaining  in  detail  Setting-out  the  Works,  Shaft -sinking,  and  Heading-driving, 
Ranging  the  Lines  and  Levelling  underground,  Sub-Excavating,  Timbering 
and  the  Construction  of  the  Brickwork  of  Tunnels.     By   F.  W.  Simms, 
M.Inst.  C.E.     Fourth  Edition,  Revised  and  Further  Extended,  including  the 
most  recent  (1895)  Examples  of  Sub-aqueous  and  other  Tunnels,  by  D.  Kinnear 
Clark,  M.  Inst.  C.E.  With  34  Folding  Plates.  Imperial  8vo,  cloth  £2  2s. 
"  The  present  (1896)  edition  has  been  brought  right  up  to  date,  and  is  thus  rendered  a  work  to 
which_  civil  engineers  generally  should  have  ready  access,  and  to  which  engineers  who  have  con- 
struction work  can  hardly  afford  to  be  without,  but  which  to  the  younger  members  of  the  profession 
is  invaluable,  as  from  its  pages  they  can  learn  the  state  to  which  the  science  of  tunnelling  bets 
McaineA." —Rail-way  Neius. 

THE  WATER  SUPPLY  OF  TOWNS  AND  THE  CON- 
STRUCTION OF  WATER-WORKS. 

A  Practical  Treatise  for  the  Use  of  Engineers  and  Students  of  Engineering. 
By  W.  K.  Burton,  A.M.  Inst.  C.E.,  Consulting  Engineer  to  the  Tokyo 
Water-works.     Second  Edition,   Revised  and  Extended.     With  numerous 
Plates  and  Illustrations.    Super-royal  Svo,  buckram.  [Just  Published.  25/0 
I.  Introductory.  —  II.  Different  Qualities  of  water.  —  ill.  Quantity  of 
Water  to  be  Provided.— IV.  On  Ascertaining  whether  a  proposed  Source  of 
Supply  is  Sufficient. —  V.  On  Estimating  the  Storage  Capacity  required 
TO  BE  Provided.— VI.  Classification  of  water-works.— VII.  Impounding  Reser- 
voirs.—VIII.  Earthwork  Dams.— IX.  masonry  Dams.— X.  The  Purification  of 
Water.— XI.  Settling  Reservoirs.— XII.  Sand  filtration.— XIII.  Purification 
OF  Water  by  action  of  Iron,  Softening  of  water  by  Action  of  Lime,  Natural 
Filtration.— XIV.  Service  or  Clean  Water  Reservoirs— Water  Towers— Stand 
Pipes.— XV.  The  Connection  of  Settling  Reservoirs,  Filter  beds  and  Service 
Reservoirs.— XVI.  Pumping  Machinery.— XVII.  Flow  of  Water  in  Conduits- 
Pipes  AND  Open  Channels.— XVIII.  Distribution  Systems.— XIX.  Special  pro- 
visions for  the  Extinction  of  Fire.— XX.  pipes  for  water-works.— XXI.  pre- 
vention of  Waste  of  Water.— XXII.  Various  Appliances  used  in  Connection 
with  Water-works. 

Appendix  I.  By  Prof.  JOHN  MILNE,  l-'.R.S.— Considerations  concerning  the 
Probable  effects  of  Earthquakes  on  Water-works,  and  the  Special  Pre- 
cautions TO  BE  TAKEN  IN  EARTHQUAKE  COUNTRIES. 

Appendix  II.  By  JOHN  DE  RIJKE,  C.E.— On  Sand  Dunes  and  Dune  Sand  as 
A  Source  of  Water  Supply. 

"  The  chapter  upon  filtration  of  water  is  very  complete,  and  the  details  of  construction  well 
Illustrated.  .  .  .  The  work  should  be  specially  valuable  to  civil  engineers  engaged  in  work  in 
Japan,  but  the  interest  is  by  no  means  confined  to  that  locality." — Engineer. 

"  We  congratulate  the  author  upon  the  practical  commonsense  shovm  in  the  preparation  of 
this  work.  .  .  .  The  plates  and  diagrams  have  evidently  been  prepared  with  great  care,  and 
cannot  fail  to  be  of  great  assistance  to  the  student." — Builder. 

RURAL  WATER  SUPPLY. 

A  Practical  Handbook  on  the  Supply  of  Water  and  Construction  of  Water- 
works for  small  Country  Districts.  By  Allan  Greenwell,  A.M.I.C.E., 
and  W.  T.  Curry,  A.M.I. C.E.,  F.G.S.   With  Illustrations.    Second  Edition, 

Revised.    Crown  Svo,  cloth  5/0 

"  We  conscientiously  recommend  it  as  a  very  useful  book  for  those  concerned  in  obtaining 
water  for  small  districts,  giving  a  great  deal  of  practical  information  in  a  small  compass." — Builder. 
"  The  volume  contains  valuable  information  upon  all  matters  connected  with  water  supply. 
.    .    It  ib  full  of  d  tails  on  points  which  are  continually  before_water- works  engineers." — Nature^ 
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THE  WATER  SUPPLY  OF  CITIES  AND  TOWNS. 

By  William  Humber,  A.  M.  Inst.  C.E.,  and  M.Inst  M.E.,  Author  of  "Cast 
and  Wrought  Iron  Bridge  Construction,"  &c.,  &c.  Illustrated  with  50  Double 
Plates,  I  Single  Plate,  Coloured  Frontispiece,  and  upwards  of  250  Woodcuts, 
and  containing  400  pp.  of  Text.  Imp.  4to,  elegantly  and  substantially 
half-bound  in  morocco       ........    Net  £6  Ss. 

List  of  Contents. 
I.  Historical  Sketch  of  some  of  the  means  that  have  been  adopted  for 
THE  Supply  of  Water  to  Cities  and  Towns.— II.  Water  and  the  Foreign  matter 

USUALLY  associated  WITH  IT.— III.  RAINFALL  AND  EVAPORATION.— IV.  SPRINGS  AND 
THE  WATER-BEARING  FORMATIONS  OF  VARIOUS  DISTRICTS.— V.  MEASUREMENT  AND 
ESTIMATION  OF  THE  FLOW  OF  WATER.— VI.  ON  THE  SELECTION  OF  THE  SOURCE  OF 

Supply.— VII.  Wells.— Vlll.  Reservoirs.— IX.  The  purification  of  Water.— 
X.  Pumps.— XI.  pumping  Machinery.— XII.  Conduits.— XIII.  Distribution  of  Water. 
—XIV.  Meters,  Service  Pipes,  and  House  Fittings.— XV.  The  Law  and  economy  op 
Water-works.— xyi.  Constant  and  Intermittent  Supply.— XVII.  description  of 
Plates.— Appendices,  giving  Tables  of  Rates  of  Supply,  Velocities,  &c.,  &c., 
together  with  specifications  of  several  works  illustrated,  among  which 
will  be  found  :  aberdeen,  bideford,  canterbury,  dundee,  halifax,  lambeth, 
rotherham,  dublin,  and  others. 

"  The  most  systematic  and  valuable  work  upon  water  supply  hitherto  produced  in  English,  or 
ill  any  other  language.  Mr.  Huniber's  work  is  characterised  almost  throughout  by  an 
exhaustiveness  much  more  distinctive  of  French  and  German  than  of  English  technical  treatises." 
— Engineer. 


HYDRAULIC  POWER  ENQINEERINQ. 

A  Practical  Manual  on  the  Concentration  and  Transmission  of  Power  by 
Hydraulic  Machinery.  By  G.  Croydon  Marks,  A.M.  Inst.  C.E.  With 
nearly  200  Illustrations.    8vo,  cloth.  Published.    Net  9/0 

Summary  of  Contents 
Principles  of  Hydraulics.— the  Flow  of  Water.— Hydraulic  Pressures, 
Material.— Test  Load  Packings  for  Sliding  Surfaces.— Pipe  Joints.— Con- 
trolling Valves.— Platform  Lifts.— Workshop  and  Foi'ndrv  Cranes.— Ware- 
Hot!SE  AND  Dock  crane?.— Hydraulic  accumulators.— Presses  I''0R  B.\ling  and 
other  Pi-RPu^Es.— Sheet  Metal  working  and  Forging  Machinery.— hydraulic 
Rivetters.— Hand,  Power,  and  Steam  Pumps.— Turbines.— impulse  turbines. 
—REACTION  Turhines,— Design  of  turbines  in  Detail.--Water  Wheels.— 
Hydraulic  Engines.— Recent  Achievements.— Pressure  of  Water.— action  of 
Pumps,  &c. 

"  We  have  nothing  but  praise  for  this  thoroughly  valuable  work.  The  author  has  succeeded 
in  rendering  his  subject  interesting  as  well  as  instructive." — Practical.  Engineer. 

"Can  be  unhesitatingly  recommended  as  a  useful  and  up-to-date  manual  on  hydraulic  trans- 
mission and  utilisation  of  power." — Mechanical  IVorld. 

HYDRAULIC  TABLES,  CO-EFFICIENTS,  &  FORMULA. 

For  Finding  the  Discharge  of  Water  from  Orifices,  Notches,  Weirs,  Pipes,  and 
Rivers.  With  New  Formulae,  Tables,  and  General  Information  on  Rain-fall, 
Catchment-Basins,  Drainage,  Sewerage,  Water  Supply  for  Towns  and  Mill 
Power.  By  John  Neville,  Civil  Engineer,  M.R.I. A.  Third  Edition, 
revised,  with  considerable  additions.    Numerous  Illustrations.    Crown  8vo, 

cloth  1 4/0 

"  It  is,  of  all  English  books  on  the  subject,  the  one  nearest  to  completeness." — ArchiUcU 

HYDRAULIC  MANUAL. 

Consisting  of  Working  Tables  and  Explanatory  Text.  Intended  as  a  Guide  in 
Hydraulic  Calculations  and  Field  Operations.  By  Lowis  D'A.  Jackson, 
Author  of  "Aid  to  Survey  Practice,"  "Modern  Metrology,"  &c.  Fourth 

Edition,  Enlarged.    Large  crown  8vo,  cloth  1 6/0 

"  The  author  has  constructed  a  manual  which  may  be  accepted  as  a  trustworthy  guide 
to  this  branch  of  the  engineer  s  profession." — Engineering. 

WATER  ENQINEERINQ. 

A  Practical  Treatise  on  the  Measurement,  Storage,  Conveyance,  and  Utilisa- 
tion of  Water  for  the  Supply  of  Towns,  for  Mill  Power,  and  for  other  Purposes. 
By  Charles  Slagg,  A.M.  Inst.C.E.  Second  Edition.  Crown  Svo,  cloth  .  7/6 
*'  As  a  small  practical  treatise  on  the  water  supply  of  towns,  and  on  some  applications  of  water- 
power,  the  work  is  in  many  respects  excellent." — Ensrineerinp. 

"The  authnr  has  collated  the  results  deduced  from  the  cxiierimciUs  of  the  most  eminent 
inthorities,  and  has  presented  tliciu  in  a  compact  and  practicol  foi  111,  accompanied  by  very  clear 
uid  detailed  explanations.    .    .    .    The  application  'of  water  as  a  motive  power  is  treated  ver 
carefully  and  exhaustively." — Builder, 
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THE  RECLAMATION  OF  LAND  FROM  TIDAL  WATERS. 

A  Handbook  for  Engineers,  Landed  Proprietors,  and  others  interested  in 
Works  of  Reclamation.    By  Alex.  Beazeley,  M.Inst.  C.E.    8vo,  cloth. 

I^ei  10/6 

"  The  book  shows  in  a  concise  way  what  has  to  be  done  in  reclaiming  land  from  the  sea,  and 
the  best  way  of  doing  it.  The  work  contains  a  great  deal  of  practical  and  useful  information  which 
cannot  fail  to  be  of  service  to  engineers  entrusted  with  the  enclosure  of  salt  marshes,  and  to  land- 
owners intending  to  reclaim  land  from  the  sea." — The  En^neer. 

"The  author  has  carried  out  his  task  efficiently  and  well,  and  his  book  contains  a  large 
amount  of  information  of  great  service  to  engineers  and  others  interested  in  works  of  reclamation." 
— Nat%i.re, 

MASONRY  DAMS  FROM  INCEPTION  TO  COMPLETION. 

Including  numerous  Formulae,  Forms  of  Specification  and  Tender,  Pocket 
Diagram  of  Forces,  &c.  For  the  use  of  Civil  and  Mining  Engineers.  By 
C.  F.  Courtney,  M.  Inst.  C.E.    8vo,  cloth  9/0 

'*  The  volume  contains  a  good  deal  of  valuable  data.  Many  useful  suggestions  will  be  found 
in  the  remarks  on  site  and  position,  location  of  dam,  foundations  and  construction." — Building 
JVeTus. 

RIVER  BARS. 

The  Causes  of  their  Formation,  and  their  Treatment  by  "  Induced  Tidal 
Scour  " ;  with  a  Description  of  the  Successful  Reduction  by  this  Method  of 
the  Bar  at  Dublin.    By  I.  J.  Mann,  Assist.  Eng.  to  the  Dublin  Port  and  Docks 

Board.    Royal  8vo,  cloth  7/6 

"  We  recommend  all  interested  in  harbour  works — and,  indeed,  those  concerned  In  the 
mprovements  of  rivers  generally — to  read  Mr.  Mann's  interesting  work." — Engineer. 

TRAMWAYS:  THEIR  CONSTRUCTION  AND  WORKING. 

Embracing  a  Comprehensive  History  of  the  System ;  with  an  exhaustive 
Analysis  of  the  Various  Modes  of  Traction,  including  Horse  Power,  Steam, 
Cable  Traction,  Electric  Traction,  &c.  ;  a  Description  of  the  Varieties  of 
Rolling  Stock ;  and  ample  Details  of  Cost  and  Working  Expenses.  New 
Edition,  Thoroughljr  Revised,  and  Including  the  Progress  recently  made  in 
Tramway  Construction,  &c.,  &c.  By  D.  Kinnear  Clark,  M.  Inst.  C.E. 
With  400  Illustrations.  Svo,  780  pp.,  buckram.  28/0 
"  The  new  volume  is  one  which  will  rank,  among  tramway  engineers  and  those  interested  in 
tramway  worlcing,  with  the  Author's  world-famed  book  on  railway  machinery." — The  Engineer. 

SURVEYING  AS  PRACTISED  BY  CIVIL  ENGINEERS 

AND  5URVEY0R5, 

Including  the  Setting-out  of  Works  for  Construction  and  Surveys  Abroad,  with 
many  Examples  taken  from  Actual  Practice.  A  Handbook  for  use  in  the  Field 
and  the  Office,  intended  also  as  a  Text-book  for  Students.  By  John  White- 
law,  Jun.,  A.M.  Inst.  C.E.,  Author  of  "  Points  and  Crossings."  With  about 
260  Illustrations.    Demy  Svo,  cloth.  [Just  Published.    Net  "[QIQ 

"This  work  is  written  with  atlniirabic  lucidity,  and  will  certainly  be  found  of  distinct  value 
both  to  students  and  to  those  engaged  in  actual  practice." — TJic  Btnldcr. 

PRACTICAL  SURVEYING. 

A  Text-Book  for  Students  preparing  for  Examinations  or  for  Survey-work  in 
the  Colonies.  By  George  W.  Usill,  A.M. I. C.E.  With  4  Lithographic 
Plates  and  upwards  of  330  Illustrations.  Seventh  Edition.  Including  Tables 
of  Natural  Sines,  Tangents,  Secant,',  &c.  Crown  Svo,  7/6  cloth;  or,  on  Thin 
Paper,  leather,  gilt  edges,  rounded  corners,  for  pocket  use  .  .  .1  J2/6 
*'  The  best  lorms  of  instruments  are  described  as  to  their  construction,  uses  and  modes 

of  employment,  and  there  are  innumerable  hints  on  work  and  equipment  such  as  the  author.  In 

his  experience  as  surveyor,  draughtsman  and  teacher,  has  found  necessary,  and  which  the  student 

In  his  mexperience  will  find  most  serviceable." — Engineer. 

"  The  first  book  which  should  be  put  in  the  hands  of  a  pupil  of  Civil  Engineering."— 

Architect, 

AID  TO  SURVEY  PRACTICE. 

For  Reference  in  Surveying,  Levelling,  and  Setting-out ;  and  in  Route  Sur- 
veys of  Travellers  by  Land  and  Sea.  With  Tables,  Illustrations,  and  Records. 
By  Lowis  D'A.  Jackson,  A.M. I. C.E.    Second  Edition,  JCnlarged.  8vo, 

cloth  1 2/6 

"  Mr.  Jackson  has  produced  a  valuable  vade-mecum  for  the  suiveyor.    We  can  recommend 

this  book  as  containing  an  admirable  supplement  to  the  teaching  of  the  accomplished  surveyor." — 

Athenaum. 

"  The  author  brings  to  his  work  a  fortunate  union  of  theory  and  practical  experience  which, 
aided  by  a  clear  and  lucid  style  of  writing,  renders  the  book  a  very  useful  one." — Builder, 
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SURVEYING  WITH  THE  TACHEOMETER. 

A  p^acucal  Manual      ^he  -  of  Civil  and 

^l^^  Inl't:  Crn?esl'LrDe^g.ees.    By  N..  Kkkn^.v 
M  Inst  C  E     With  Diagrams  and  Plates.    Demy  8vo,  cloth.       Net  1  0/6 
"Tl>;  work  is  ver;  clearly  written,  and  should  remove  all  difficnlties     the  way  of  any  surveyor 
desiiroul  of  making  us7of  this  useful  and  rapid  instrunient.  -Nature. 

EINQINEER'S  &  MINING  SURVEYOR'S  FIELD  BOOK. 

•      „       ,  q^rJps  nf  Tables  with  Rules,  Explanations  of  Systems,  and 
SeT^^b'eolfite  for  xlSe  Su^^^^^^ 

Fourth  Edition,  Enlarged.    Crown  Bvo,  cloth      ....       ;  '*'V 
..The  bookls  very  handy;  the  separa^^^^^^^^^^^^ 
it  uiseful  for  many  other  purposes,  the  genuine  traverse  taoies  exisung  <. 

LAND  AND  MARINE  SURVEYING. 

In  Reference  to  the  Preparation  of  Plans  for  Roads  and  Railways  ;  Canals, 
Rivers  Towns"  ^  Supplies;  Docks  and  Harbours.  Wuh  Description 
^Tuse  of  Surveying  Instr^iWnts.  By  W.  Davis  Haskoll,  C.E.  Second 
Edition,  Revised,  with  Additions.    Large  crown  8vo,  cloth    .      .       •  9/0 


1  recom- 


PRINCIPLES  AND  PRACTICE  OF  LEVELLING. 

"The  te^t-book  on  levelling  in  most  of  our  engmeermg  schoo^^^  ^p^o^fe^lKpe^J^^,^^ 

v,oung:7iVbeS?i;rb^^^^^^^^ 

AN    OUTLINE  OF  THE   METHOD  OF  CONDUCTING 

A  TRiQONOMETRlCAL  5URVEY. 

For  the  Formation  of  G«>gr.gcal  and  Topo^^^^^^^^^ 

'^d%''air"~eut':™V'^^^^^  Fourth  Edition  Revved  and 

^tly  Re  writtL  by  Major-General  Sir  Charles  Warren,  G.C.M.G.  I^E^ 
With  iq  Plates  and  US  Woodcuts,  royal  8vo,  cloth      .       .       •  • 

TABLES  OF  TANGENTIAL  ANGLES  AND  MULTIPLES 

FOR  5ETTINQ-OUT  CURVES. 

F,!,rn  =  tn  200  Radius  By  A.  Beazeley,  M.  Inst.  C.E.  6th  Edition, 
RevTsed  WUh  an  Appendix  on  the  use  of  the  Tables  .for  Measuring  up 
Cu^es    Printed  on  so'^Cards,  and  sold  in  a  cloth  box,  waistcoat.pocket^z|. 

"Each  table  is  printed  on  a  small  card,  which  Pl-^^  on 'he  theodolHe^  1^^^^^^^^^^ 

-  "'^.te'^'ird;n=r;Lrwihat^^^^^^^^^ 

he  puts  ln1?^hi^own  card-case,  iid  leaves  the  rest  behmd."-^^A.»««»«. 

HANDY  GENERAL  EARTH=WORK  TABLES. 

Oivin?  the  Contents  in  Cubic  Yards  of  Centre  and  Slopes  of  Cuttings  ^d 
On  a  Sheet  mounted  in  cloth  case, 
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EARTHWORK  TABLES. 

Showing  the  Contents  in  Cubic  Yards  of  Embankments,  Cuttings,  &c  of 
Heights  or  Depths  up  to  an  average  of  80  feet.    By  Joseph  Broadbent,  C  E  . 

and  Francis  Campin,  C.E.    Crown  8vo,  cloth  5/0 

^\^^Jr!J^^^  '1  ^t''^'^  accuracy  is  attained,  by  a  simple  division  of  each  cross  section  into  three 
elements,  two  m  which  are  constant  and  one  variable,  is  ingenious."-^/A««««»«. 

A  MANUAL  ON  EARTHWORK. 

By  Alex.  J.  Graham,  C.E.  With  numerous  Diagrams.  Second  Edition 
i8mo,  cloth   jjyg 

THE  CONSTRUCTION  OF  LARGE  TUNNEL  SHAFTS. 

A  Practical  and  Theoretical  Essay.    By  J.  H.  Watson  Buck,  M.  Inst  C  E 
^^Resident  Engineer,  L.  and  N.  W.  R.    With  Folding  Plates,  8vo,  cloth  1  2/0 
f;«nc  I'Jf^"?  °'  "V^  methods  given  are  of  extreme  practical  value  to  the  mason,  and  the  observa- 
tions on  the  form  of  arch,  the  rules  for  ordering  the  stone,  and  the  construction  of  the  templates 
Sui^iJ^'jV^s   considerable  use.    We  commend  the  book  to  the  engineering  profession."-! 

time  aSbSe  m^any  misLVey:-  '° 

CAST  &  WROUGHT  IRON    BRIDGE  CONSTRUCTION 

(A  Complete  and  Practical  Treatise  on),  including  Iron  Foundations.  In 
i  hree  Parts.— Theoretical,  Practical,  and  Descriptive.  By  William  Humber, 
A.  M.  Inst.  C.E.,  and  M.  Inst.  M.E.  Third  Edition,  revised  and  much  im- 
proved, with  IIS  Double  Plates  (20  of  which  now  first  appear  in  this  edition) 
and  numerous  Additions  to  the  Text.    In  2  vols.,  imp.  4to,  half-bound  iil 

..r™"",-   ,  iS6  16s.  6d. 

A  very  valuable  contribution  to  the  standard  literature  of  civil  engineering.    In  addition  to 
In^^^^r"'  P'^ilf'  ?'\'^  sections,  large  scale  details  are  given,  which  very  much  enhance  the 
Instructive  worth  of  those  illustrations.  "-Civil  Engineer  and  A  rch  itecfs  Journal 
^.^^^^A  a'  ■  stately  volumes,  lately  issued-in  which  the  most  important  bridges 

erected  during  the  last  five  years,  under  the  direction  of  the  late  Mr.  Brunei.  Sir  W  Cubitt 
Mr  Hawkshaw,  Mr.  Page,  Mr.  Fowler,  Mr.  Hemans,  and  others  among  our  mosr  embient 
engineers,  are  drawn  and  specified  in  great  detail.  "-£«^7««r.  Bumiem 

ESSAY  ON  OBLIQUE  BRIDGES 

(Practical  and  Theoretical).  With  13  large  Plates.  By  the  late  George 
Watson  Buck,  M.I.C.E.  Fourth  Edition,  revised  by  his  Son,  J.  H.  Watson 
Buck,  M.I.C.E.  ;  and  with  the  addition  of  Description  to  Diagrams  for 
iacilitating  the  Construction  of  Oblique  Bridges,  by  W.  H.  Barlow  MICE 
Royal  8vo,  cloth  _    -j  r^jQ 

A  i/'^'^ij  J'^?''3f<l  text-book  for  all  engineers  regarding  skew  arches  is  Mr.  Buck's  treatise 
and  It  would  be  impossibleto  consult  a  better."— £K^i««r.  «=»"«J. 
^x.  u-'^l"  ^"'='^'5  treatise  is  recognised  as  a  standard  text-book,  and  his  treatment  has  divested 
^^mS^  """"Z  °^ i.he  intncac.es  supposed  to  belong  to  it.  As  a  guide  to  the  engineer  and 
architect,  on  a  confessedly  difficult  subject,  Mr.  Buck's  work  is  unsurpassed. "-.S«.-/rf,»^  Afea,x. 

THE  CONSTRUCTION  OF  OBLIQUE  ARCHES 

(A  Practical  Treatise  on).  By  John  Hart.  Third  Edition,  with  Plates 
Imperial  8vo,  cloth  gyQ 

GRAPHIC  AND  ANALYTIC  STATICS. 

In  their  Practical  Application  to  the  Treatment  of  Stresses  in  Roofs  Solid 
Girders,  Lattice,  Bowstring,  and  Suspension  Bridges,  Braced  Iron  Arche;  and 
Piers,  and  other  Frameworks.  By  R.  Hudson  Graham,  C.E.  Containing 
Diagrams  and  Plates  to  Scale.  With  numerous  Examples,  many  taken  from 
existing  Structures.  Specially  arranged  for  Class-work  in  Colleges  and 
Universities.  Second  Edition,  Revised  and  Enlarged.  8vo,  cloth  .  "l  Q/O 
^  j>  J  M'-^Graham's  book  will  find  a  place  wherever  graphic  and  analytic  statics  are  used  or 
studied.  — Engineer, 

■^u  "The  work  is  excellent  from  a  practical  point  of  view,  and  has  evidently  been  prepared 
with  much  care.  The  directions  for  working  are  ample,  and  are  illustrated  by  an  abundance  of 
weU-selected  examples.    It  is  an  excellent  text-book  for  the  practical  draughtsman."— A thenaum. 

WEIGHTS  OF  WROUGHT  IRON  &  STEEL  GIRDERS. 

A  Graphic  Table  for  Facilitating  the  Computation  of  the  Weights  of  Wrought 
Iron  and  Steel  Girders,  &c.,  for  Parliamentary  and  other  Estimates,  By 
J.  H.  Watson  Bock,  M.  Inst.  C.E.   On  a  Sheet         .      .  2/6 
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PRACTICAL  QEOMETRY. 

For  the  Architect,  Engineer,  and  Mechanic.  Giving  Rules  for  the  Delineation 
and  Application  of  various  Geometrical  Lines,  Figures,  and  Curves.  By 

E.  W.  Tarn,  M.A.,  Architect.    8vo,  cloth  9/0 

"  No  book  with  the  same  objects  in  view  has  ever  been  published  in  which  the  clearness  of 
the  rules  laid  down  and  the  illustrative  diagrams  have  been  so  satisfactory."— 5co/j»mi». 

THE  QEOMETRY  OF  COMPASSES. 

Or,  Problems  Resolved  by  the  mere  Description  of  Circles  and  the  Use  of 
Coloured  Diagrams  and  Symbols.  By  Oliver  Byrne.  Coloured  Plates. 
Crown  8vo,  cloth  3/6 

HANDY  BOOK  FOR  THE  CALCULATION  OF  STRAINS 

In  Girders  and  Similar  Structures  and  their  Strength.  Consisting  of  Formulae 
and  Corresponding  Diagrams,  with  numerous  details  for  Practical  Applica- 
tion, &c.  By  William  Humber,  A.  M.  Inst.  C.E.,  &c.  Fifth  Edition. 
Crown  8vo,  with  nearly  100  Woodcuts  and  3  Plates,  cloth     .       .       •  7IS 

"  The  formulae  are  neatly  expressed,  and  the  diagrams  good." — Athenaum. 

"We  heartily  commend  this  really  handy  book  to  our  engineer  and  architect  readers." — 
Bng^lisk  Mechanic, 

TRUSSES  OF  WOOD  AND  IRON. 

Practical  Applications  of  Science  in  Determining  the  Stresses,  Breaking 
Weights,  Safe  Loads,  Scantlings,  and  Details  of  Construction.  With  Complete 
Working  Drawings.  By  William  Griffiths,  Surveyor,  Assistant  Master, 
Tranmere  School  of  Science  and  Art.  Oblong,  Svo,  cloth  .  .  .  4/6 
"This  handy  little  book  enters  so  minutely  into  every  detail  connected  with  the  con- 
struction of  roof  trusses  that  no  student  need  be  ignorant  of  these  ■mdXX&x'!,."— Practical  Engineer. 

THE  STRAINS  ON  STRUCTURES  OF  IRONWORK. 

With  Practical  Remarks  on  Iron  Construction.  By  F.  W.  Sheilds,  M.I.C.E. 
Svo,  cloth  5/0 

A  TREATISE  ON  THE  STRENGTH  OF  MATERIALS. 

With  Rules  for  Application  in  Architecture,  the  Construction  of  Suspension 
Bridges,  Railways,  &c.  By  Peter  Barlow,  F.R.S.  A  new  Edition,  revised 
by  his  Sons,  P.  W.  Barlow,  F.R.S.,  and  W.  H.  Barlow,  F.R.S.  ;  to  which 
are  added,  Experiments  by  Hodgkinson,  Fairbairn,  and  Kirkaldy  ;  and 
Formulae  for  calculating  Girders,  &c.  Arranged  and  Edited  by  Wm.  Humber, 
A.  M.Inst.  C.E.     Demy  Svo,  400  pp.,  with  19  large  Plates  and  numerous 

Woodcuts,  cloth  1 8/0 

"Valuable  alike  to  the  student,  tyro,  and  the  experienced  practitioner,  it  will  always  rank 

in  future  as  it  has  hitherto  done,  as  the  standard  treatise  on  that  particular  subject."— jS«f^««<r. 

"As  a  scientific  work  of  the  first  class,  it  deserves  a  foremost  place  on  the  bookshelves  of 

every  civil  engineer  and  practical  mechanic." — English  Mechanic. 

SAFE  RAILWAY  WORKING. 

A  Treatise  on  Railway  Accidents,  their  Cause  and  Prevention  ;  with  a  De- 
scription of  Modern  Appliances  and  Systems.  By  Clement  E.  Stretton, 
C.E.,  Vice-President  and  Consulting  Engineer,  Amalgamated  Society  of 
Railway  Servants.    With  Illustrations  and  Coloured  Plates.    Third  Edition, 

Enlarged.    Crown  Svo,  cloth    ,  3/6 

"A  book  for  the  engineer,  the  directors,  the  managers;  and,  in  short,  all  who  wish  for 

information  on  railway  matters  will  find  a  perfect  encyclopaedia  in  'Safe  Railway  Working.' "— 

Railway  Review. 

'•  The  author  may  be  congratulated  on  havinj;  collected,  in  a  very  convenient  form,  much 
valuable  information  on  the  principal  questions  allectiiiy  tlic  safe  workiiiy  of  railways."— /I'aiYTcaj' 
Ejigiueer. 

EXPANSION  OF  STRUCTURES  BY  HEAT. 

By  John  Keily,  C.E.,  late  of  the  Indian  Public  Works  Department.  Crown 

Svo,  cloth  3/6 

"  The  aim  the  author  has  set  before  him,  viz.,  to  show  the  effects  of  heat  upon  metallic  and 
other  structures,  is  a  laudable  one,  for  this  is  a  branch  of  physics  upon  which  the  engineer  or 
architect  can  find  but  little  reliable  and  comprehensive  data  in  hooks."— Builder. 
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THE  PROGRESS  OF  MODERN  ENQINEERINQ. 

Complete  in  Four  Volumes,  imperial  410,  half-morocco,  price  Jgl  2  1 2s. 

Each  volume  sold  separately,  as  follows  : — 
First  Series,  Comprising  Civil,  Mechanical,  Marine,  Hydraulic,  Railway, 
Bridge,  and  other  Engineering  Works,  &c.  By  William  Humber, 
A.  M.  Inst.  C.E.,  &c.  Imp.  4to,  with  36  Double  Plates,  drawn  to  a  large  scale, 
Photographic  Portrait  of  John  Hawkshaw,  C.E.,  F.R.S.,  &c.,  and  copious 
descriptive  Letterpress,  Specifications,  &c.    Half-morocco     .       .    £3  Ss. 

List  of  the  Plates  and  Diagrams. 

Victoria  Station  and  roof,  L.  B.  &  S.  C.  R.  (8  plates)  ;  Southport  Pier 
(z  PLATES) ;  Victoria  Station  and  Roof,  L.  C.  &  D.  and  G.  W.  r.  (6  plates)  :  Roof 
OF  Cremorne  Music  Hall;  Bridge  over  G.  N.  Railway;  roof  of  Station 
DUTCH  Rhenish  Rail.  (2  plates);  Bridge  over  the  Thames,  west  London 
EXTENSION  Railway  (5  plates);  Armour  Plates;  Suspension  Bridge,  Thames 

GKOUN^IIilZyIs'-PLAtIsi!''''^  '  suspension   bridge.  AVON  (3  PLATES);  UNDER- 

HUMBER'S  MODERN  ENQINEERINQ. 

Second  Series.  Imp.  4to,  with  3  Double  Plates,  Photographic  Portrait  of 
Robert  Stephenson,  C.E.,  M.P.,  F.R.S.,  &c.,  and  copious  descriptive  Letter- 
press, Specifications,  &c.    Half-morocco  £3  3g_ 

List  of  the  Plates  and  Diagrams. 

Birkenhead  Docks,  Low  Water  basin  (15  plates)  ;  Charing  Cross  Station 
ROOF,  C.  C.  Railway  (3  plates);  Digswell  Viaduct,  great  Northern  Railway- 
Robbery  wood  Viaduct,  Great  Northern  Railway;  Iron  permanent  Way- 
Clydach  Viaduct,  Merthyr,  Tredegar,  and  Abergavenny  Railway  •  ebbw' 
Viaduct,  Merthyr,  Tredegar,  and  Abergavenny  Railway;  college  Wood 
Viaduct,  Cornwall  Railway;  Dublin  Winter  palace  Roof  h  plates)-  Bridge 

OVER  THE  THAMES,  L.  C.  &  D.  RAILWAY  (6  PLATES);  ALBERT  HARBOUR,  GREENOCK 
(4  PLATES). 

HUMBER'S  MODERN  ENQINEERINQ. 

Third  Series.  Imp.  4to,  with  40  Double  Plates,  Photographic  Portrait  of 
J.  R.  M'Clean,  late  Pres.  Inst.  C.E.,  and  copious  descriptive  Letterpres.s, 
Specifications,  &c.    Half-morocco  £3  33, 

List  of  the  Plates  and  Diagrams. 

Main  Drainage,  Metropolis.— Mw-cA  Side.— Map  showing  Interception  of 
SEWERS;  Middle  Level  Sewer  (2  plates);  Outfall  Sewer,  Bridge  over  River 
LEA  (3  plates)  ;  Outfall  Sewer,  bridge  over  Marsh  Lane,  north  Woolwich 

RAILWAY,  AND  BOW  AND  BARKING  RAILWAY  JUNCTION  ;  OUTFALL  SEWER,  BRIDGE  OVER 

BOW  AND  Barking  Railway  (3  plates)  ;  Outfall  Sewer,  Bridge  over  East  London 

WATER-WORKS'  FEEDER  (2  PLATES)  ;  OUTFALL  SEWER  RESERVOIR  (2  PLATES)  ;  OUTFALL 

Sewer,  Tumbling  Bay  and  Outlet;  Outfall  Sewer,  Penstocks.  South  Side — 
OUTFALL  Sewer,  bermondsey  Branch  (2  plates)  ;  Outfall  Sewer,  reservoir  and 

OUTLET  (4  PLATES)  ;  OUTFALL  SEWER,  FILTH  HOIST  ;  SECTIONS  OF  SEWERS  NORTH  AND 

South  Sides). 

Thames  Embankment.— Section  of  River  Wall  ;  Steamboat  Pier,  west- 
minster  (2  plates)  ;  Landing  Stairs  between  Charing  Cross  and  Waterloo 

bridges  ;  YORK  GATE  (2  PLATES)  ;  OVERFLOW  AND  OUTLET  AT  SAVOY  STREET  SEWER 
(3  PLATES);  STEAMBOAT  PlER,  WATERLOO  BRIDGE  (3  PLATES)  ;  JUNCTION  OF  SEWERS, 

plans  and  Sections  ;  Gullies,  Plans  and  Sections  ;  Rolling  Stock  ;  Granite 
AND  Iron  forts. 


HUMBER'S  MODERN  ENQINEERINQ. 

Fourth  Series.  Imp.  4to,  with  36  Double  Plates,  Photographic  Portrait  of 
John  Fowler,  late  Pres.  Inst.  C.E.,  and  copious  descriptive  Letterpress,  Speci- 
fications, &c.    Half-morocco  £3  3g_ 

List  of  the  Plates  and  Diagrams. 

Abbey  Mills  Pumping  Station,  Main  Drainage,  Metropolis  (4  plates)  ■ 
Barrow  Docks  (5  plates)  ;  Manquis  Viaduct,  Santiago  and  Valparaiso  Railway, 

(2  PLATES)  ;  ADAM'S  LOCOMOTIVE.  ST.  HELEN'S  CANAL  RAILWAY  (2  PLATES)  ;  CANNON 
STREET  STATION  RoOF,  CHARING  CROSS  RAILWAY  (3  PLATES);  ROAD  BRIDGE  OVER 
THE  RIVER  MOKA  (2  PLATES)  :  TELEGRAPHIC  APPARATUS  FOR  MESOPOTAMIA  ;  VIADUCT 

OVER  THE  River  Wye,  midland  Railway  (3  plates);  St.  Germans  Viaduct, 
CORNWALL  Railway  (2  plates);  wrought-Iron  Cylinder  for  Diving  Bell 
MiLLWALL  Docks  (6  plates);  Milroys  patent  excavator ;  Metropolitan  Dis- 
trict Railway  (6  plates)  ;  Harbours,  Ports,  and  Breakwaters  (3  plates), 
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MARINE  ENGINEERING,  SHIPBUILDING, 
NAVIGATION,  ETC. 


THE    NAVAL    ARCHITECT'S    AND  SHIPBUILDER'S 

POCKET-BOOK  of  Formulae,  Rules,  and  Tables,  and  Marine  Engineer's  and 
Surveyor's  Handy  Book  of  Reference.  By  Clement  Mackrow,  M.I.N. A. 
Eighth  Edition,  Carefully  Revised  and  Enlarged.    Fcap.,  leather. 

[  /us^  Published.    Net  1  2/6 

Summary  of  Conthnts  :— Signs  and  symbols,  decimal  fractions.— Trigo- 
No  viETRY.— Practical  Geometry.— Mensuration.— Centres  and  moments  of 
Figures,  —moments  of  Inertia  and  Radii  of  Gyration.— algebraical  Expressions 
For  Simpson's  Rules.— Mechanical  Principles.— Centre  of  Gravity.— Laws  of 
Motion.— Displacement,  centre  of  Buoyancy.— Centre  of  Gravity  of  Ships 
Hull.— Stability  Curves  and  Metacentres.— Sea  and  Shallow-water  waves. 
—Rolling  of  Ships;— Propulsion  and  Resistance  of  vessels.— Speed  Trials.— 
Sailing  Centre  of  Effort.— Distances  down  Rivers,  Coast  Lines.— Steering  and 
Rudders  of  Vessels.— Launching  Calculations  and  velocities.— Weight  op 
Material  and  Gear. —  Gun  Particulars  and  weight.— Standard  Gauges.— 
Riveted  Joints  and  Riveting.— Strength  and  Tests  of  Materials.— Binding 
and  Shearing  Stresses,  &c.— Strength  of  Shafting,  Pillars,  wheels,  &c — 
Hydraulic  Data,  &c.  —  Conic  Sections,  Catenarian  Curves.  —  Mechanical 
Powers,  work.— board  of  Trade  Regulations  for  boilers  and  Engines.— Board 
of  Trade  Regulations  for  Ships.— Lloyd's  Rules  for  boilers.— Lloyd  s  Weight 
OF  Chains.— LLOYD'S  Scantlings  for  Ships.— Data  of  Engines  and  Vessels.— 
Ships'  Fittings  and  Tests.— Seasoning  Preserving  timber.— Measurement  of 
Timber.— Alloys,  Paints,  Varnishes.— Data  for  Stowage.— admiralty  Trans- 
port Regulations. —  Rules  for  Horse-power,  Screw  propellers,  &c.— Per- 
centages for  Butt  Straps,  &c.— Particulars  of  Yachts.— Masting  and  rigging 
Vessels.— Distances  of  Foreign  Ports. —Tonnage  Tables.— Vocabulary  of 
French  and  English  Terms.  —  English  Weights  and  Measures.  —  Foreign 
Weights  and  Measures.— decimal  Equivalents.— Foreign  money.— Discount 
and  Wages  Tables.— Useful  Numbers  and  Ready  Reckoners.— Tables  of 
Circular  Measures.— Tables  of  Areas  of  and  Circumferences  of  Circles.— 
Tables  of  areas  of  Segments  of  Circles.— Tables  of  Squares  and  Cubes  and 
Roots  of  Numbers.— Tables  of  Logarithms  of  Numbers.— Tables  of  hyper- 
bolic Logarithms. —Tables  of  Natural  Sines,  Tangents,  &c.— Tables  of 
Logarithmic  Sines,  Tangents,  &c. 

"In  these  days  of  advanced  knowledge  a  work  like  this  is  of  the  greatest  value.  It  contains 
a  vast  amount  of  information.  We  unhesitatingly  say  that  it  is  the  most  valuable  compilation  for  its 
specific  purpose  that  has  ever  been  printed.  No  naval  architect,  engineer,  surveyor,  seaman, 
wood  or  iron  shipbuilder,  can  afford  to  be  without  this  work." — Nautical  Mag;azine. 

"  Should  be  used  by  £ill  who  are  engaged  in  the  construction  or  design  of  vessels.  .  .  .  Will 
be  found  to  contain  the  most  useful  tables  and  formulae  required  by  shipbuilders,  carefully  collected 
from  the  best  authorities,  and  put  together  in  a  popular  and  simple  form.  The  book  is  one  of 
exceptional  merit." — Enfrineer. 

*'  The  professional  shipbuilder  has  now,  in  a  convenient  and  accessible  form,  reliable  data  for 
solving  many  of  the  numerous  problems  that  present  themselves  in  the  course  of  his  work." — Iron. 

"There  is  no  doubt  that  a  pocket-book  of  this  description  must  be  a  necessity  in  the  ship- 
building trade.  .  .  The  volume  contains  a  mass  of  useful  information  clearly  expressed  and 
presented  in  a  handy  forrav" — Marine  Engineer, 


WANNAN'5  MARINE  ENGINEER'S  GUIDE 

To  Board  of  Trade  Examinations  for  Certificates  of  Competency.  Containing 
all  Latest  Questions  to  Date,  with  Simple,  Clear,  and  Correct  Solutions  ; 
302  Elementary  Questions  with  Illustrated  Answers,  and  Verbal  Questions 
and  Answers  ;  complete  Set  of  Drawings  with  Statements  completed.  By 
A.  C.  Wannan,  C.E.,  Consulting.Engineer,and  E.  W.  I.  Wannan,  M.I.M.E., 
Certificated  First  Class  Marine  Engineer.  Illustrated  with  numerous  Engrav- 
ings. Third  Edition,  Revised  and  Enlarged.  500  pases.  Large  crown  8vo, 
cloth.  [Jusi  Published.    Net  1 0/6 

"The  book  is  clearly  and  plainly  written  and  avoids  unnecessary  explanations  and  formulas, 
and  we  consider  it  a  valuable  book  for  students  of  marine  engineering."— A"a«rtca/  Magazine. 


WANNAN'S  MARINE  ENGINEER'5  POCKET=BOOK 

Containing  Latest  Board  of  Trade  Rules  and  Data  for  Marine  Engineers. 
By  A.  C.  Wannan.  Tliird  Edition,  Revised,  Enlarged,  and  Brought  up  to 
Date.  Square  i8mo,  with  thumb  Index,  leather.  \_Just  Published.  6/0 
"There  is  a  great  deal  of  useful  information  in  this  little  pocket-book.    It  is  of  the  rule-of- 

thumb  order,  and  is,  on  that  account,  well  adapted  to  the  uses  of  the  sea-going  engineer." — 

Ejigi)t£er. 

L.  B 
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SEA  TERM5,  PHRA5E5,  AND  W0RD5 

(Technical  Dictionary  of)  used  in  the  English  and  French  Languages 
(English- French,  French-English).  For  the  Use  of  Seamen,  Engineers,  Pilots, 
Shipbuilders,  Shipowners,  and  Ship-brokers.  Compiled  by  W.  Pirrie,  late  of 
the  African  Steamship  Company.  Fcap.  8vo,  cloth  limp  ,  .  .  5/0 
"  This  volume  will  be  highly  appreciated  by  seamen,  engineers,  pilots,  shipbuilders  and  ship- 
owners.   It  will  be  found  wonderfully  accurate  and  complete." — Scotsman, 

"  A  very  useful  dictionary,  which  has  long  been  wanted  by  French  and  English  engineers, 
masters,  officers  and  others."— Shipping-  JVorld, 

ELECTRIC  5HIP-LIQHTINQ. 

A  Handbook  on  the  Practical  Fitting  and  Running  of  Ships'  Electrical  Plant, 
for  the  Use  of  Shipov/ners  and  Builders,  Marine  Electricians  and  Sea-going 
Engineers  in  Charge.  By  J.  W.  Urquhart,  Author  of  "Electric  Light," 
"Dynamo  Construction,"  &c.  Second  Edition,  Revised  and  Extended. 
With  numerous  Illustrations.    Crown  8vo,  cloth  7/6 

MARINE  ENQINEER'5  POCKET-BOOK. 

Consisting  of  useful  Tables  and  Formulae.    By  Frank  Proctor,  A. I.N. A. 

Third  Edition.    Royal  32010,  leather.       .......  4/0 

"  We  recommend  it  to  our  readers  as  going  far  to  supply  a  long-felt  want." — Naval  Science. 
"  A  most  useful  companion  to  all  marine  engineers." — United  Service  Gazette, 

ELEMENTARY  MARINE  ENGINEERING. 

A  Manual  for  Young  Marine  Engineers  and  Apprentices.  In  the  Form  of 
Questions  and  Answers  on  Metals,  Alloys,  Strength  of  Materials,  Construction 
and  Management  of  Marine  Engines  and  Boilers,  Geometry,  &c.  With 
an  Appendix  of  Useful  Tables.  By  J.  S.  Brewer.  Crown  8vo,  cloth  1/6 
"  Contains  much  valuable  information  for  the  class  for  whom  it  is  intended,  especially  in  the 
chapters  on  the  management  of  boilers  and  en^nxes."— Nautical  Magazine. 

MARINE  ENGINES  AND  5TEAM  VESSELS. 

A  Treatise  on.  By  Robert  Murray,  C.E.  Eighth  Edition,  thoroughly 
Revised,  with  considerable  Additions  by  the  Author  and  by  George 
Carlisle,  C.E.,  Senior  Surveyor  to  the  Board  of  Trade  at  Liverpool.  Crown 
Svo,  cloth   4/6 

PRACTICAL  NAVIGATION. 

Consisting  of  The  Sailor's  Sea-Book,  by  James  Greenwood  and  W.  H. 
RosSER ;  together  with  the  requisite  Mathematical  and  Nautical  Tables  for 
the  Working  of  the  Problems,  by  Henry  Law,  C.E.,  and  Professor  J.  R. 
Young.    Illustrated.    i2mo,  strongly  half-bound  7/0 

THE  ART  AND  SCIENCE  OF  SAILMAKING. 

By  Samuel  B.  Sadler,  Practical  Sailmaker,  late  in  the  employment  of 
Messrs.  Ratsey  and  Lapthorne,  of  Cowes  and  Gosport.     With  Plates  and 

other  Illustrations.    Small  4to,  cloth  12/6 

This  extremely  practical  work  gives  a  complete  education  in  all  the  branches  of  the  manu- 
facture, cutting  out,  roping,  seaming,  and  goring.  It  is  copiously  illustrated,  and  will  form  a  first- 
rate  text-book  and  guiAe."— Portsmouth  Times. 

CHAIN  CABLES  AND  CHAINS. 

Coniprising  Sizes  and  Curves  of  Links,  Studs,  &c..  Iron  for  Cables  and  Chains, 
Chain  Cable  and  Chain  Making,  Forming  and  Welding  Links,  Strength  of 
Cables  and  Chains,  Certificates  for  Cables,  Marking  Cables,  Prices  of  Chain 
Cables  and  Chains,  Historical  Notes,  Acts  of  Parliament,  Statutory  Tests, 
Charges  for  Testing,  List  of  Manufacturers  of  Cables,  &c.,  &c.  By 
Thomas  W.  Traill,  F.E.R.N.,  M.Inst.C.E.,  Engineer-Surveyor-in-Chief, 
Board  of  Trade,  Inspector  of  Chain  Cable  and  Anchor  Proving  Establishments, 
and  General  Superintendent  Lloyd's  Committee  on  Proving  Establishments. 
With  numerous  Tables,  Illustrations,  and  Lithographic  Drawings.  Folio, 

cloth,  bevelled  boards  £2  28. 

"  It  contains  a  vast  amount  of  valuable  Information.  Nothing  seems  to  be  wanting  to  make  it 
a  complete  and  standard  work  of  reference  on  the  sah)ect."— Nautical Mag^azine. 
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MINING,   METALLURGY,  AND 
COLLIERY  WORKING. 


MACHINERY  FOR  METALLIFEROUS  MINE5. 

A  Practical  Treatise  for  Mining  Engineers,  Metallurgists,  and  Managers  of 
Mines  By  E.  Henry  Davies,  M.E.,  F.G.S.  600  pp.  With  Folding  Plates 
and  other  Illustrations.    Medium  8vo,  cloth.     [Just  Published.    Net  25/0 

"  Deals  exiiaustively  with  the  mnny  and  complex  details  which  i;n  to  make  up  tlie  sum  total  of 
nuich.nery  and  other  requirements  for  the  successful  workini.  of  metalliferous  mines,  ami  as  a  book 
of  ready  reference  is  of  the  higliest  value  to  mine  manajrers  and  directors."- -Joitrua/ 
AlmnotPv^'J^U.^H^  f'''  '^k"^        advanced  student  and  the  manager  o(  mines  good  service. 
good  ■^-A^J^ft^um      '^"^     ^  carefuUy  described,  and  the  woodcuts  and  plates 

THE  DEEP  LEVEL  MINES  OF  THE  RAND, 

And  their  Future  Development,  considered  from  the  Commercial  Point  of  View. 
By  &.  A.  Denny  (of  Johannesburg),  M.  N.E.  I.M.E.,  Consulting  Engineer  to 
the  General  Mining  and  Finance  Corporation,  Ltd.,  of  London,  Berlin,  Paris, 
and  Johannesburg.  Fully  Illustrated  with  Diagrams  and  Folding  Plate-^. 
Royal  8vo,  buckram.  {Just  Published.    Net  ISIO 

of  thp"li^nH^fr"„'^l''^  conhning  himself  to  the  consideration  of  the  future  of  the  deep-level  mines 
Doint  tl^l^  frnnfn  "'^  ^^^ject  rather  from  a  comniercial  stand- 

point than  from  a  scientific  one,  appeals  to  a  wide  circle  of  readers.  The  book  cannot  fail  to  prove 
of  very  great  value  t   investors  in  South  African  mines,"-j/»n«<r  Journal 

The  Times  ^'  ^'^  concerned  in  any  way  with  the  Witwatersrand  Goldfields."— 

PROSPECTING  FOR  GOLD. 

A  Handbook  of  Information  and  Hints  for  Prospectors  based  on  Personal 
Experience  By  Daniel  J.  Rankin,  F.R.S.G.S.,  M.R.A.S.,  formerly 
Manager  of  the  Central  African  Company,  and  Leader  of  African  Gold  Pros- 
Pu'^'^?,^  Expeditions.  With  Illustrations  specially  Drawn  and  Engraved  for 
the  Work.    F  cap.  8vo,  leather.  [Just  Published.    Net  IIQ 

the  nrosoJcJnr?hin^fiJ^''T'         f°"^V"-?  a  collection  of  the  richest  gems  of  useful  knowledge  for 

rss^'ciTt?^rtrgoM.''-^^.!S^^^^^^  '°  ^"^'^--^'^  '"^       ^'  -g'—  °f  ---'^'^ 

THE  METALLURGY  OF  GOLD. 

A  Practical  Treatise  on  the  Metallurgical  Treatment  of  Gold-bearing  Ores. 
Including  the  Assaying,  Melting,  and  Refining  of  Gold.    By  M.  Eissler, 
M.  Inst.  M.M.    Fifth  Edition,  Enlarged.    With  over  300  Illustrations  and 
numerous  Folding  Plates.   Medium  8vo,  cloth.    [  Just  Published.    Net  2 1  /O 
minm,!'X!!i^^K°  k"'",""^'''/  ^^^erves  its  title  of  a  'Practical  Treatise.'   The  whole  process  of  gold 
mining,  from  the  breaking  of  the  quartz  to  the  assay  of  the  buUion,  is  described  in  clear  and  orderly 
narrative  and  with  much,  but  not  too  much,  fulness  of  detail."— Sa/«raiiv  Rmi^ 

,n      t  ,     ^  storehouse  of  information  and  valuable  data,  and  we  strongly  recommend  it 

to  all  professional  men  engaged  in  the  gold-mining  industry.  "-Mining-  youmalT 

THE  CYANIDE  PROCESS  OF  GOLD  EXTRACTION. 

■^"^^,1'^  Practical  Application  on  the  Witwatersrand  Gold  Fields  and  elsewhere. 
J  V?-'^^'-^^  ^^-^^^    With  Diagrams  and  Working  Drawings. 

^  Ihird  Edition,  Revised  and  Enlarged.  8vo,  cloth  [Just  Published.  Net  7 IS 
nroreJ^^'lith°icH,!fJ"^'  '".k^'  "^^^  needed  to  acquaint  mining  men  with  the  actual  working  of  a 

DIAMOND  DRILLING  FOR  GOLD  &  OTHER  MINERALS. 

A  Practical  Handbook  on  the  Use  of  Modern  Diamond  Core  Drills  in  Pro- 
specting and  Exploiting  Mineral-Bearing  Properties,  including  Particulars  of 
the  Costs  of  Apparatus  and  Working.     By  G.  A.  Denny,  M.N.E.  Inst  M  F 
IW.  Inst.  M.M.    Medium  8vo,  168  pp.,  with  Illustrative  Diagrams     .  12/6 
,0  certainly  scoi-e  for  a  work  on  tliamoiid  drilling,  and  Mr.  Denny  deserves  gratefu 

recognition  for  supplying  a  decided  want.  We  strongly  reclmmend  every  bLrd  of  di?eftorfto 
carefuUy  peruse  the  pages  of  the  vioik."-Mimn^  JoutyMl.  ^"^'^^  °'  directors  to 
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FIELD  TESTING  FOR  GOLD  AND  SILVER. 

A  Practical  Manual  for  Prospectors  and  Miners.  By  W.  H.  Merritt, 
M.N.E.  Inst.  M.E.,  A.R.S.M.,  &c.  With  Photographic  Plates  and  other 
Illustrations.      Fcap.  8vo,  leather.  5/0 

"  As  an  instructor  of  prospectors'  classes  Mr.  Merritt  has  the  advantage  of  knowing 
exactly  the  information  likely  to  be  most  valuable  to  the  miner  in  the  field.  The  contents  cover 
till  tlic  details  of  saniplintj  and  testing  gold  and  silver  ores.  A  useful  addition  to  a  prospector  s 
kit." — Mining  Joitr7iaL 

THE  PROSPECTOR'S  HANDBOOK. 

A  Guide  for  the  Prospector  and  Traveller  in  search  of  Metal-Bearing  or  other 
Valuable  Minerals.    By  J.  W.  Anderson,  M.A.  (Camb.),  F.R.G.S.  Ninth 
Edition.    Small  crown  8vo,  3/6  cloth  ;  or,  leather       ....  4/6 
•'  WiU  supply  a  much-felt  want,  especially  among  Colonists,  In  whose  way  are  so  often  thrown 
many  mineralogical  specimens  the  value  of  which  it  is  difficult  to  determine.  —Engineer. 

'How  to  find  commercial  minerals,  and  how  to  identify  them  when  they  are  found,  are  the 
leading  points  to  which  attention  is  directed.  The  author  has  managed  to  pack  as  much  practical 
detail  into  his  pages  as  would  supply  material  for  a  book  three  tunes  its  size.  —Mining  Journal. 

THE  METALLURGY  OF  SILVER. 

A  Practical  Treatise  on  the  Amalgamation,  Roasting,  and  Lixiviation  of  Silver 
Ores.    Including  the  Assaying,  Melting,  and  Refining  of  Silver  Bullion.  By 
M.  EissLER,  M.  Inst.  M  M.    Third  Edition.    Crown  8vo,  cloth       .  10/6 
"  A  practical  treatise,  and  a  technical  work  which  we  are  convinced  will  supply  a  long-felt 
want  amongst  practical  men,  and  at  the  same  time  be  of  value  to  students  and  others  indirectly 

connected  with  the  industries."— ATjxmf   ^  „.       „  ,. 

"  From  first  to  last  the  book  is  thoroughly  sound  and  reliable.  —Colliery  Uuardtan. 

THE  HYDRO=METALLURQV  OF  COPPER. 

Being  an  Account  of  Processes  Adopted  in  the  Hydro-Metallurgical  Treat- 
ment of  Cupriferous  Ores,  Including  the  Manufacture  of  Copper  Vitriol,  with 
Chapters  on  the  Sources  of  Supply  of  Copper  and  the  Roasting  of  Copper  Ores. 
By  M.  EissLER,  M.  Inst.  M.M.    Bvo,  cloth.  Published.  Net  1 2/6 

"  In  this  volume  the  various  processes  for  the  extraction  of  copper  by  wet  methods  are  fully 
detailed  Costs  are  given  when  available,  and  a  great  de.il  of  useful  niforniation  about  the 

copper  i'nd'ustry'of  the  world  is  presented  in  an  interesting  and  attractive  manner.  ...  A  very 
welcome  addition  to  the  literature  of  capper."— jl/z;/z;/4'-  JoKrnal. 

THE  METALLURGY  OF  ARGENTIFEROUS  LEAD. 

A  Practical  Treatise  on  the  Smelting  of  Silver-Lead  Ores  and  the  Refining  of 
Lead  Bullion.  Including  Reports  on  various  Smelting  Establishments  and 
Descriptions  of  Modern  Smelting  Furnaces  and  Plants  in  Europe  and  America. 
By  M.  EissLER,  M.  Inst.  M.M.,  Author  of  "The  Metallurgy  of  Gold,  &c. 

Crown  8vo,  400  pp.,  with  183  Illustrations,  cloth  12/6 

•■  The  numerous  metallurgical  processes,  which  are  fully  and  extensively  treated  of,  embrace 

.-ill  the  stages  experienced  in  the  passage  of  the  lead  from  the  various  natural  states  to  its  issue  from 

the  refinery  as  an  article  of  commerce.  "—Pracrtca/  Engineer. 

METALLIFEROUS  MINERALS  AND  MINING. 

By  D  C  Davies,  F.G.S.  Sixth  Edition,  thoroughly  Revised  and  much 
Enlarged  by  his  Son,  E.  Henry  Davies,  M.E.,  F.G.S.  600  pp.  with  173 
Illustrations.    Large  crown  8vo,  cloth  1  Z/O 

"  Neither  the  practical  miner  nor  the  general  reader,  interested  in  mines,  can  have  a  better 
book  for  his  companion  and  his  %\x\&e^."— Mining  Journal.  u       ,  ,0,1  ■ui.Iiip 

"  As  a  history  of  the  present  state  of  mining  throughout  the  world  this  book  has  a  real  value, 
and  it  supplies  an  actual  yi3xA."—Athenaum. 

EARTHY  AND  OTHER  MINERALS  AND  MINING. 

By  D.  C.  Davies,  F.G.S.,  Author  of  "  Metalliferous  Minerals,"  &c.  Third 
Edition,  Revised  and  Enlarged  by  his  Son,  E.  Henry  Davies,  M.E.,  ^  -J;-^ 

With  about  IOC  Illustrations.    Crown  8vo,  cloth  iZ/o 

••  We  do  not  remember  to  have  met  with  any  English  work  on  mining  matters  that  contains 
the  same  amount  of  information  packed  in  equally  convenient  form.  —Academy. 

BRITISH  MINING. 

A  Treatise  on  the  History,  Discovery,  Practical  Development,  and  Future 
Prospects  of  Metalliferous  Mines  in  the  United  Kingdom.  By  Robert 
Hunt,  F.R.S.,  late  Keeper  of  Mining  Records.  Upwards  of  950  mx,  witti 
230  Illustrations.  Second  Edition,  Revised.  Super-royal  8vo,  cloth  £2  28. 
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POCKET-BOOK  FOR  MINER5  AND  METALLURGISTS. 

Comprising  Rules,  Formulae,  Tables,  and  Notes  for  Use  in  Field  and  Office 
Work.    By  F.  Danvers  Power,  F.G.S.,  M.E.    Second  Edition,  Corrected. 

Fcap.  8vo.  leather  9/0 

"This  excellent  book  is  an  admirable  example  of  its  kind,  and  ought  to  find  a  large  sale 
amongst  English-speaking  prospectors  and  mining  engineers. " — Engineering, 

THE  MINER'S  HANDBOOK. 

A  Handy  Book  of  Reference  on  the  subjects  of  Mineral  Deposits,  Mining 
Operations,  Ore  Dressing,  &c.  For  the  Use  of  Students  and  others  interested 
in  Mining  Matters.  Compiled  by  John  Milne,  F.R.S.,  Professor  of  Mining 
in  the  Imperial  Univer.sity  of  Japan.  Third  Edition.  Fcap.  8vo,  leather  7/6 
"  Professor  Milne's  handbook  is  sure  to  be  received  with  favour  by  all  connected  with 
mining,  and  will  be  extremely  popular  among  students." — Aikenceum, 

IRON  ORES  of  QREAT  BRITAIN  and  IRELAND. 

Their  Mode  of  Occurrence,  Age  and  Origin,  and  the  Methods  of  Searching  for 
and  Working  Them.  With  a  Notice  of  some  of  the  Iron  Ores  of  Spain.  By 
J.  D.  Kendall,  F.G.S.,  Mining  Engineer.    Crown  8vo,  cloth  .       .  16/0 

MINE  DRAINAGE. 

A  Complete  Practical  Treatise  on  Direct-Acting  Underground  Steam 
Pumping  Machinery.  By  Stephen  Michell.  Second  Edition,  Re-written 
and  Enlarged.   With  250  Illustrations.  Royal  8vo,  cloth.  Net  25/0 

HORIZONTAL  PUMPING  ENGINES.— ROTARY  AND  NON-ROTARY  HORIZONTAL 
Engines.— Simple  and  Compound  steam  Pumps.— VERTICAL  PUMPING  ENGINES.— 
Rotary  and  Non-Rotary  Vertical  Engines.— Simple  and  Compound  Steam 
Pumps.  —  Triple-Expansion  Steam  pumps.  —  Pulsating  Steam  Pumps.  —  Pump 
Valves.— Sinking  Pumps,  &c.,  &c. 

"This  volume  contains  an  immense  amount  of  important  and  interesting  new  matter. 
The  book  should  undoubtedly  prove  of  great  use  to  all  who  wish  for  information  on  the  sub- 
ject."—7Vjc  En,!;inea: 

ELECTRICITY  AS  APPLIED  TO  MINING. 

By  Arnold  Lupton,  M.Inst.C.E.,  M  I.M.E.,  M.I.E.E.,  late  ProfessDr  of 
Coal  Mining  at  the  Yorkshire  College,  Victoria  University,  Mining  Engineer 
and  Colliery  Manager;  G.  D.  Aspinall  Parr,  M.I.E.E.,  A.M.I.M.E., 
Associate  of  the  Central  Technical  College,  City  and  Guilds  of  London,  Head 
of  the  Electrical  Engineering  Department,  Yorkshire  College,  Victoria 
University;  and  Herbert  Perkin,  M.I.M.E.,  Certified  CoUierj' Manager, 
Assistant  Lecturer  in  the  Mining  Department  of  the  Yorkshire  College, 
Victoria  University.   With  about  170  Illustrations.    Medium  8vo,  cloth. 

\Juit  Published.   Net  9/0 

(For  Summary  oi'  Contents,  see  page  23.) 

THE  COLLIERY  MANAGER'S  HANDBOOK. 

A  Comprehensive  Treatise  on  the  Laying-out  and  Working  of  Collieries, 
Designed  as  a  Book  of  Reference  for  Colliery  Managers,  and  for  the  Use  of  Coal 
Mining  Students  preparing  for  First-class  Certificates.     By  Caleb  Pamely, 
Mining  Engineer  and  Surveyor;  Member  of  the  North  of  England  Institute  of 
Mining  and  Mechanical  Engineers  ;  and  Member  of  the  South  Wales  Institute 
of  Mining  Engineers.     With  700  Plans,  Diagrams,  and  other  Illustrations. 
Fourth  Edition,  Revised  and  Enlarged.  964  pp.  Medium  8vo,  cloth    £1  Ss. 
Geology.— Search  for  Coal.— Mineral  Leases  and  other  Holdings.— 
Shaft  Sinking.— Fitting  Up  the  Shaft  and  Surface  arrangements.— Steam 
Boilers  and  their  Fittings.— Timbering  and  Walling.— Narrow   Work  and 
Methods  of  Working.  —  Underground    Conveyance. —Drainage.— The  Gases 
MET  WITH  in  Mines  ;  Ventilation.  —  On  the  Friction  of  Air  in  mines.  —  The 
Priestman  Oil   Engine  ;   Petroleum    and   Natural   Gas.  —  Surveying  and 
Planning.— Safety  Lamps  and  Firedamp  Detectors.— Sundry  and  incidental 
Operations  and  appliances.— Colliery  Explosions.— Miscellaneous  Questions 
and  Kvi^^-E-Ks.— Appendix :  Summary  of  Report  of  H.M.   Commissioners  on 
Accidents  in  Mines. 

"  Mr.  Pamely's  work  is  eminently  suited  to  the  purpose  or  which  it  is  intended,  being  clear, 
Interesting,  exhaustive,  rich  in  detail,  and  up  to  date,  giving  descriptions  of  the  latest  machines  in 
every  department.  A  mining  engineer  could  scarcely  go  wrong  who  followed  this  yiotVi."— Colliery 
Guardian, 

"  Mr.  Pamely  has  not  only  given  us  a  comprehensive  reference  book  of  a  very  high  order 
suitable  to  the  requirements  of  mining  engineers  and  colliery  managers,  but  has  also  provided 
mining  students  with  a  class-book  that  is  as  interesting  as  it  is  instructive." — Colliery  Manager. 

"This  is  the  most  complete  'all-round  work  on  coal-mining  published  In  the  English 
nnguage.  .  .  .  No  Ubrary  of  coal-mining  books  is  complete  without  it." — Colliery  Engineer 
(Scranton,  Pa.,  U.S.A.). 


CROSBY  LOCK  WOOD  «-  SON'S  CATALOGUE. 


COLLIERY  WORKING  AND  MANAGEMENT. 

Comprising  the  Duties  of  a  Colliery  Manager,  the  Oversight  and  Arrange- 
ment of  Labour  and  Wages,  and  the  different  Systems  of  Working  Coal 
Seams.  By  H.  F.  Bolman  and  R.  A.  S.  Redmayne.  350  pp.,  with 
28  Plates  and  other  Illustrations,  including  Underground  Photographs. 
Medium  8vo,  cloth.  1  6/0 

"  This  is,  indeed,  an  admirable  Handbook  for  Colliery  Managers,  in  fact  it  is  an  indispensable 
adjunct  to  a  Colliery  Manager's  education,  as  well  as  being  a  most  useful  and  interesting  work 
on  the  subject  for  all  who  in  any  way  have  to  do  with  coal  mining.  The  underground  photographs 
are  an  attractive  feature  of  the  work,  being  very  Ufelike  and  necessarily  true  representations  of  the 
scenes  they  depict." — Colliery  Guardian. 

"  Mr.  Bulman  and  Mr.  Redmayne,  who  are  both  experienced  Colliery  Managers  of  great 
literary  ability,  are  to  be  congratulated  on  having  supplied  an  authoritative  work  dealing  vrith  a  side 
of  the  subject  of  coal  mining  which  has  hitherto  received  but  scant  treatment.  The  authors 
elucidate  their  text  by  119  woodcuts  and  28  plates,  most  of  the  latter  being  admirable  reproductions 
of  photographs  taken  underground  with  the  aid  of  the  magnesium  flash-light.  These  illustrations 
are  excellent." — Nature. 

COAL  AND  COAL  MINING. 

By  the  late  Sir  Warington  W.  Smyth,  M.  A.,  F.R.S.,  Chief  Inspector  of  the 
Mines  of  the  Crown  and  of  the  Duchy  of  Cornwall.  Eighth  Edition,  Revised 
and  Extended  by  T.  Forster  Brown,  Mining  and  Civil  Engineer,  Chief 
Inspector  of  the  Mines  of  the  Crown  and  of  the  Duchy  of  Cornwall.  Crown 
8vo,  cloth.  3/6 
"  As  an  outline  is  given  of  evety  known  coal-field  in  this  and  other  countries,  as  well  as  of  the 

principal  methods  of  working,  the  book  will  doubtless  interest  a  very  large  number  of  readers.  — 

Mining  Journal. 

N0TE5  AND  FORMUL/E  FOR  MINING  5TUDENT5. 

By  John  Herman  Merivale,  M.A.,  Late  Professor  of  Mining  in  the  Durham 
College  of  Science,  Newcastle-upon-Tyne.      Fourth  Edition,  Revised  and 
Enlarged.    By  H.  F.  Bulman,  A.M.Inst.C.E.    Small  crown  8vo,  cloth.  2/6 
"  The  author  has  done  his  work  in  a  creditable  manner,  and  has  produced  a  book  that  will 
be  of  service  to  students  and  those  who  are  practically  engaged  in  mining  operations."— £Ki^>»«»-. 

INFLAMMABLE  GAS  AND  VAPOUR  IN  THE  AIR 

(The  Detection  and  Measurement  of).    By  Frank  Clowes,  D.Sc,  Lond., 
F.l.C.    With  a  Chapter  on  The  Detection  and  Measurement  of  Petro- 
leum Vapour  by  Boverton  Redwood,  F.R.S.E.,  Consulting  Adviser  to  the 
Corporation  of  London  under  the  Petroleum  Acts.   Crown  8vo,  cloth.  Net  SIQ 
"  Professor  Clowes  has  given  us  a  volume  on  a  subject  of  much  industrial  importance   .    .  . 
Those  interested  in  these  matters  may  be  recommended  to  study  this  book,  which  is  easy  of  compre- 
hension and  contains  many  good  things." — The  Engineer. 

COAL  &  IRON  INDUSTRIES  of  the  UNITED  KINGDOM. 

Comprising  a  Description  of  the  Coal  Fields,  and  of  the  Principal  Seams  of 
Coal,  with  Returns  of  their  Produce  and  its  Distribution,  and  Analyses  of 
Special  Varieties.  Also,  an  Account  of  the  Occurrence  of  Iron  Ores  in  Veins  or 
Seams ;  Analyses  of  each  Variety  ;  and  a  History  of  the  Rise  and  Progress  of 
Pig  Iron  Manufacture.  By  Richard  Meade.  8vo,  cloth  .  .  £1  Ss. 
"  Of  this  book  we  may  unreservedly  say  that  it  is  the  best  of  its  class  which  we  have  ever 

met.  ...  A  book  of  reference  which  no  one  engaged  in  the  iron  or  coal  trades  should  omit  from 

his  library.  i—/ro«  a«a!  C»a/  Trades  Review. 

ASBESTOS  AND  ASBESTIC. 

Their  Properties,  Occurrence,  and  Use.    By  Robert  H.  Jones,  F.S.A., 
Mineralogist,    Hon.    Mem.  Asbestos  Club,    Black  Lake,   Canada.  With 
Ten  Collotype  Plates  and  other  Illustrations.  Demy  8vo,  cloth.        .  16/0 
"  An  interesting  and  invaluable  work." — Colliery  Guardian. 

GRANITES  AND  OUR  GRANITE  INDUSTRIES. 

By  George  F.  Harris,  F.G.S.  With  Illustrations.  Crown  8vo,  cloth  2/6 

TRAVERSE  TABLES. 

For  use  in  Mine  Surveying.  By  William  Lintkrn,  C.E.  With  two  plates. 
Small  crown  8vo,  cloth.  \Jusl  J'uHished.    Net  3/0 
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ELECTRICITY,  ELECTRICAL 
ENGINEERING,  ETC. 


THE  ELEMENTS  OF  ELECTRICAL  ENGINEERING. 

A.  First  Year's  Course  for  Students.  By  Tyson  Sewell,  AI.E.E.,  Assistant 
Lecturer  and  Demonstrator  in  Electrical  Engineering  at  the  Polytechnic, 
Regent  Street,  London.  With  upwards  of  200  Illustrations.  Demy  8vo, 
cloth.  {Just  Published.    Net  7/6 

Ohm's  I.avv.— Units  Employed  in  Electrical  engineering.-Series  and 
Parallel  Circuits;  Current  Density  and  Potential  drdr  in  the  circuit.— 
The  Heating  Ei-fect  of  the  Electric  Current.— The  Magnetic  Ei-eect  of  an 
Electric  Current.— The  magnetisation  of  Iron.— Electro-chemistry  ;  primary 
Batteries.— Accumulators.— Indicating  Instruments  ;  Ammeters,  voltmeters, 
Ohmmeters.— Electricity  .Sutply  Meters.— Measurinc;  Instruments,  and  the 
Measurement  oi-  ivi.ix  i  ricai.  RI'Sisi  ance.  —  measurement  of  potential  Dif- 

FERENCE,  CAI'ACI  I  'l',  Cl  KKIiN  I  S  I  KIINC  I  H,  AND  PERMEABILITY.— ARC  LAMPS.— INCAN- 
PESCEN]'  LAhJl'S;  M  ANU 1  AC  1' I '  ki:  AND  INSTALLATION;  PHOTOMETRY.  —  THE  CON- 
TINUOUS Current  Dyna.mo.— Direct  Current  Motors. 

"An  excellent  treati.se  for  students  of  the  elementary  facts  connected  with  electrical 
engineering,"— 7"/;i'  Electrician. 

"  Distinctly  one  of  the  best  l)ooks  for  those  commencing  the  study  of  electrical  engineering, 
Everything  is  explained  in  simple  language  which  even  a  beginner  cannot  fail  to  understand."— /"/zt; 
Jin^ineer. 

"  One  welcomes  this  book,  which  is  soimd  in  its  treatment,  and  admirably  calculated  to  give 
students  the  knowledge  and  information  they  most  require,"— AW;(;-c. 

CONDUCTORS  FOR  ELECTRICAL  DISTRIBUTION. 

Their  Materials  and  Manufacture,  The  Calculation  of  C  rcuits,  Pole-Llna 
Construction,  Underground  Working,  and  other  Uses.    By  F.  A  C.  Perfine, 

A.  M  ,  D.Sc.  ;  formerly  Professor  of  Electrical  Engineering,  Leland  Stanford, 
Jr.,  University  ;  Member  American  Institute  Electrical  Engineers.  Demy 
8vo,  clo'h.  \]ust  Published.    JVft  20l~ 

CONDUCTOR  Materials— ALLOYED  conductors— Manufacture  of  Wire— 
WiRE-EiNisHiNG— Wire  Insulation— Cables— Calculation  of  circuits— Kelvin's 
Eaw  of  Economy  in  Conductors— multiple  Arc  Distribution- Alti-:rnating 
current  Calculation— On'erhead  Eines— Pole  Line— Line  Insulators— Under- 
ground Conductors. 

ARMATURE  WINDINGS  OF   DIRECT  CURRENT 

DYNAMOS. 

Extension  and  Application  of  a  General  Winding  Rule.  By  E  Arnold, 
Engineer.  As^i.stant  Professor  in  Eleclrotechnics  and  Machine  Design  at  the 
Riga  Polytechnic  School     Translated  from  the  Original  German  by  Francis 

B.  De  Gress,  M.E  ,  Chief  of  Testing  Department,  CrocV-e;--Wheeler  Com- 
pany.   With  146  Illustrations.    Medium  8\o,  cloth. 

[Just  Published.   Net  ^0.1- 

ELECTRICITY  A5  APPLIED  TO  MINING. 

By  Arnold  Lupton,  M.Inst.C.E.,  M.I.M.E.,  M.I.P^.E.,  late  Professor  of 
Coal  Mining  at  the  Yorkshire  College,  Victoria  University,  Mining  Eng'neer 
and  Colliery  Manager;  G.  D.  Aspinall  Parr,  M.I.E.E.,  A  M.I  ivf.E., 
Associate  of  the  Central  Technical  College,  City  ai  d  Guilds  of  London,  Head 
of  the  Electrical  Engineering  D.-p^rtment,  Yorkshire  Co  leje,  Vic  oria 
University;  and  Hesbert  Pefkin,  M.I.M  E.  Certificated  Colliery  Manager, 
Ass'stant  Lectii'er  in  the  Mining  Deparlmen:  of  the  Yorkshire  College, 
Victoria  University.    Withabcut  170  Illustrations     Medium  Svo,  cloth, 

[Just  Published.    Net  91- 

INTRODUCTORY.  —  DYNAMIC  ELECTRICITY.  —  DRUTNG  OF  THE    DYNAMO.  —  THE 

Steam  turbine.— Distrihution  of  electrical  l-:Ni;RGY.— St  arting  and  s  toppini; 
Electrical  Generators  and  Motors.— lii.i-x  i  kic  (■Aiii.i'.s.--(:i'.\TkAL  !■  i.i:ci  rical 
Plants.— Electricity  applied  to  pumping  anu  ii.\it.i\c,.— rkin  i  n  ^im'i.ied 
TO  Coal-Cutting.— TYPICAL  Electric  Plants  l^l:<•],N^l,^  I  ki  i  m  d.  .  I  i,i;ci  ric 
Lightinc;  ky  Arc  and  (Jlow  Lamps— Miscin.i.ANi  ors  .\ppi.ica  1  k )\s  oi-  1  RifTTY. 

—Electricity  as  Compared  with  urni;R  mudes  ov  Transmititni;  Power. — 
Dangers  of  Electricity. 


CROSBY  LOCKWOOD  S-  SON'S  CATALOGUE. 


DYNAMO  ELECTRIC  MACHINERY:    its  CONSTRUC- 
TION, DESIGN,  and  OPERATION. 

By  Samuel  Sheldon,  A.M.,  Ph.D  ,  Professor  of  Physics  and  Electrical 
Engineering  at  the  Polytechnic  Institute  of  Brooklyn,  assisted  by  Holiakt 
Mason,  B.S. 

In  tioo  volumes,  sold  separately,  as  follows  : — 
Vol.  I.— DIRECT  CURRENT  MACHINES.    Tdird  Edition,  Revised.  Large 
crown  8vo.    2S0  pages,  with  200  Illustrations. 

Uust  Published.    Net    1 2/0 
Vol.  II.— ALTERNATING  CURRENT  MACHINES.   Large  crown  8vo.  260 
pages,  with  184  Illustrations.  Published.    Net  1  2/0 

Desigrned  as  Text-books  for  use  in  Technical  Educational  Institutions,  and  by  Engineers 
whose  work  includes  the  liandlin^  of  Direct  and  Alternating  Current  Machines  respectively,  and 
fpr  Students  proficient  in  matiiematics. 

ELECTRICAL  AND  MAGNETIC  CALCULATIONS. 

For  the  Use  of  Electrical  Engineers  and  Artisans,  Teachers,  Students,  and  all 
others  interested  in  the  Theory  and  Application  of  Electricity  and  Magnetism. 
Bv  A.  A.  Atkinson,  Professor  of  Electricity  in  Ohio  University.  Crown  8vo, 
cloth.  ijust  Published.    Net  SIO 

"To  teachers  and  those  avIio  a' ready  possess  a  fair  knowledge  of  their  subject  we  can  recom- 
liicnd  this  book  as  l)eing  useful  to  consult  when  rcquirinjj  data  or  fornnilte  which  it  is  neither  con- 
venient nor  p.ccessary  to  retain  by  memory, " — 7'/u-  Jikctrician. 

HANDBOOK  FOR  THE  USE  OF  ELECTRICIANS 

In  the  Operation  and  C^re  of  Electrical  Machinery  and  App3ratiis  of  the  U.  S. 
Sea-coast  Defence;.  By  Geo.  L.  Anderson,  A.M.,  Ca^tain  U.  S.  Artillery 
Prepared  under  the  direction  of  the  Lieutenant-General  Commanding  the 
Army.    Royal  8 vo,  cloth  [Just  Published.    Net  21/0 


SUBMARINE  TELEGRAPHS. 

Their  History,  Construction,  and  Working.  Founded  in  part  on  WiiNSCHKN- 
dorff's  "  Trait6  de  Telegraphic  Sous-Marine,"  and  Compiled  from  Authorita- 
tive and  Exclusive  Sources.  ByCHARLES  Bright,  F.R.S.E.,  A.M.Inst.C.E., 
M.I.E.E.  780  pp.,  fully  Illustrated,  including  Maps  and  Folding  Plates. 
Royal  Svo,  cloth.  Net  £3  3s. 

•'  There  are  few,  if  any,  persons  more  fitted  to  write  a  treatise  on  submarine  telegraphy  than 
Mr.  Charles  Bright.  He  has  done  his  work  admirably,  and  has  written  in  a  way  which  will 
appeal  as  much  to  the  layman  as  to  the  engineer.  This  admirable  volume  must,  for  many  years  to 
come,  hold  the  position  of  the  English  classic  on  submarine  telegraphy." — Enj^ineer. 

"This  book  is  full  of  information.  It  makes  a  book  of  reference  which  should  be  in  every 
engineer's  library." — Nature. 

"  Mr.  Bright's  interestingly  written  and  admirably  illustrated  book  will  meet  with  a  welcome 
reception  from  cable  men." — Electrician. 

"  The  author  deals  with  his  subject  from  all  points  of  view — political  and  strategical  as  well  as 
scientific.  The  work  will  be  of  interest,  not  only  to  men  of  science,  but  to  the  general  public.  We 
can  strongly  recommend  it." — Athenceiim. 


THE  ELECTRICAL  ENGINEER'S  POCKET-BOOK. 

Consisting  cf  Modern  Rules,  Formute,  Tables,  and  Data.  By  H.  R.  Kempe, 
M.I.E.E.,  A.M.Inst.C.E.,  Technical  Officer  Postal  Telegraphs,  Author  of 
"A  Handbook  of  Electrical  Testing,"  &c.  Second  Edition,  thoroughly 
Revised,  with  Additions.    With  numerous  Illustrations.    Royal  32mo,  oblong, 

leather  6/0 

"  It  is  the  best  book  of  its  kind." — Electrical  Engineer, 

"  The  Electrical  Engineer's  Pocket-Book  is  a  good  one." — Electrician. 

"  Strongly  recommended  to  those  engaged  in  the  electrical  industries." — Electrical  Review, 


POWER  TRANSMITTED  BY  ELECTRICITY. 

And  applied  by  the  Electric  Motor,  including  Electric  Railway  Construction. 
By  P.  Atkinson,  A.M.,  Ph.D.  Third  Edition,  Fully  Revised,  and  New 
Matter  added.    With  94  Illustrations.    Crown  Svo,  cloth     .       .    Net  9/0 


DYNAMIC  ELECTRICITY  AND  MAGNETISM. 

By  Philip  Atkinson,  A.M.,  Ph.D.,  Author  of  "  Elements  of  Static 
Electricity,"  &c.    Crown  Svo,  417  pp.,  with  120  Illustrations,  cloth    .  10/6 
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THE  MANAGEMENT  OF  DYNAM05. 

A  Handyljook  of  Theory  and  Practice  for  the  Use  of  Mechanics,  Engineers, 
Students,  and  others  in  Charge  of  Dynamos.  By  G.  W.  Lummis-Paterson. 
Third  Edition,  Revised.    Crown  8vo,  cloth.  [Just  Published.  4/6 

"  An  example  which  deserves  to  be  taken  as  a  model  by  other  authors.  The  subject  is  treated 
In  a  manner  which  any  intelligent  man  who  is  fit  to  be  entrusted  with  charge  of  an  engine  should 
be  able  to  understand.  It  is  a  useful  book  to  all  who  make,  tend,  or  employ  electric  machinery." 
— Architect. 

THE  STANDARD  ELECTRICAL  DICTIONARY. 

A  Popular  Encyclopaedia  of  Words  and  Terms  Used  in  the  Practice  of  Electrical 
Engineering.  Containing  upwards  of  3,000  definitions.  By  T.  O'CoNOR 
Sloane,  A.m.,  Ph.D.  Third  Edition,  with  Appendix.  Crown  8vo,  6go  pp., 
390  Illustrations,  cloth.  \.]ust  Published..    Net  7/6 

"  The  work  has  many  attractive  features  in  It,  and  is,  beyond  doubt,  a  well  put  together  and 

useful  publication.    The  amount  of  ground  covered  may  be  gathered  from  the  fact  that  in  the  index 

about  5,000  references  will  be  found." — Electrical  Review, 

ELECTRIC  LIGHT  FITTING. 

A  Handbook  for  Working  Electrical  Engineers,  embodying  Practical  Notes  on 
Installation  Management.  By  J.  W.  Urquhart,  Electrician,  Author  of 
"  Electric  Light,"  &c.    With  numerous  Illustrations.  Third  Edition,  Revised, 

with  Additio.-.s,    Crown  8vo,  cloth  5/0 

"  This  volume  deals  with  the  mechanics  or  electric  lighting,  and  is  addressed  to  men  who 
are  already  engaged  in  the  work,  or  are  training  for  it.  The  work  traverses  a  great  deal  of  ground, 
and  may  be  read  as  a  "sequel  to  the   author's  useful  work  on  'Electric  Light.'" — Electrician. 

"  The  book  is  well  Ivor. h  the  i)era=al  of  the  workman,  for  \vho.-n  it  is  vnXX^w."— Electrical 
Review. 

ELECTRIC  LIGHT. 

Its  Production  and  Use,  Embodying  Plain  Directions  for  the  Treatment  of 
Dynamo-Electric  Machines,  Batteries,  Accumulators,  and  Electric  Lamps. 
By  J.  W.  Urquhart,  C.E.    Sixth  Edition,  Enlarged.    Crown  8vo,  cloth. 

7/6 

'*  The  whole  ground  of  electric  lighting  Is  more  or  less  covered  and  explained  in  a  very  clear 
and  concise  manner." — Electrical  Review. 

*'A  vade-mecum  of  the  salient  facts  connected  with  the  science  of  electric  lighting."— 
Elech-ician, 

DYNAMO  CONSTRUCTION. 

A  Practical  Handbook  for  the  Use  of  Engineer-Constructors  and  Electricians- 
in-Charge.     Embracing  Framework  Building,  Field  Magnet  and  Armature 
Winding  and  Grouping,  Compounding,  &c.    By  J.  W.  Urquhart.  Second 
Edition,  Enlarged,  with  114  Illustrations.    Crown  8vo,  cloth        .      .  7/6 
"Mr.  Urquhart's  book  is  the  first  one  which  deals  with  these  matters  in  such  a  way  that  the 
engineering  student  can  understand  thera.    The  book  is  very  readable,  and  the  author  leads  his 
rea  iers  up  to  difficult  subjects  by  reasonably  simple  tests." — Engineering  Review. 

ELECTRIC  SHIP=LIQHTING. 

A  Handbook  on  the  Practical  Fitting  and  Running  of  Ships'  Electrical  Plant. 
For  the  Use  of  Shipowners  and  Builders,  Marine  Electricians,  and  Seagoing 
Engineers-in-Charge.  By  J.  W.  Urquhart,  C.E.  Second  Edition,  Revised 
and  Extended.  With  88  Illustrations,  Crown  8vc,  doth  .  .  .  7/6 
"The  subject  of  ship  electric  lighting  is  one  of  vast  importance,  and  Mr.  Urquhart  is  to  be 

highly  complimented  for  placing  such  a  valuable  work  at  the  service  of  marine  electricians." — The 

Steamship. 

ELECTRIC  LIGHTING  (ELEMENTARY  PRINCIPLES  OF). 

By  Alan  A.  Campbell  Swinton,  M.Inst.C.E.,  M.I.E.E.  Fourth  Edition,  • 
Revised.    With  16  Illustrations.    Crown  8vo,  cloth  1/6 

ELECTRIC  LIGHT  FOR  COUNTRY  HOUSES. 

A  Practical  Handbook  on  the  Erection  and  Running  of  Small  Installations, 
with  Particulars  of  the  Cost  of  Plant  and  Working.  By  J.  H.  Knight. 
Third  Edition,  Revised.    Crown  8vo,  wrapper.  \,Just  Published.    1  /Q 

HOW  TO  MAKE  A  DYNAMO. 

A  Practical  Treatise  for  Amateurs.  Containing  Illustrations  and  Detailed 
Instructions  for  Constructing  a  Small  Dynamo  to  Produce  the  Electric  Light. 
By  Alfred  Crofts.    Sixth  Edition,  Revised.    Crown  8vo,  cloth      .  2/0 

THE  STUDENT'S  TEXT-BOOK  OF  ELECTRICITY. 

By  H.  M.  NoAD,  F.R.S.    650  pp.,  with  470  Illustrations.    Crown  8vo,  cloth. 

9/0 
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ARCHITECTURE,  BUILDING,  ETC. 


PRACTICAL  BUILDING  CONSTRUCTION. 

A  Handbook  for  Students  Preparing  for  Examinations,  and  a  Book  of 
Reference  for  Persons  Engaged  in  Building.  By  John  Parnell  Allen, 
Surveyor,  Lecturer  on  Building  Construction  at  the  Durham  College  of 
Science,  Newcastle-on-Tyne.  Third  Edition,  Revised  and  Enlarged. 
Medium  8vo,  450  pp.,  with  1,000  Illustrations,  cloth  ....  7IB 
"  The  most  complete  exposition  of  building  construction  we  have  seen.    It  contains  all  that  is 

necessary  to  prepare  students  for  the  various  examinations  in  building  construction." — Building 

News. 

"  The  author  depends  nearly  as  much  on  his  diagrams  as  on  his  type.  The  pages  suggest 
the  hand  of  a  man  of  experience  in  building  operations — and  the  volume  must  be  a  blessing  to 
many  teachers  as  well  as  to  students. "— 7V«  Architect. 

"  The  work  is  sure  to  prove  a  formidable  rival  to  great  and  small  competitors  alike,  and 
bids  fair  to  take  a  permanent  place  as  a  favourite  student's  text-book.  The  large  number  of  illus- 
trations deserve  particular  mention  for  the  great  merit  they  possess  for  purposes  of  reference  in 
exactly  corresponding  to  convenient  %C!!x.%."— Journal  0/ the  Royal  Institute  of  British  Architects. 

PRACTICAL  MASONRY. 

A  Guide  to  the  Art  of  Stone  Cutting.    Comprising  the  Construction,  Setting 
Out,  and  Working  of  Stairs,  Circular  Work,  Arches,  Niches,  Domes,  Penden- 
lives.  Vaults,  Tracery  Windows,  &c.    For  the  Use  of  Students,  Masons, 
and  other  Workmen.    By  William  R.  Purchase,  Building  Inspector  to  the 
Borough  of  Hove.  Third  Edition,  with  Glossary  of  Terms.  Royal  8 vo,  142  pp., 
with  52  Lithographic  Plates,  comprising  400  separate  Diagrams,  cloth  .  7/6 
"  Mr.  Purchase's  '  Practical  Masonry '  will  undoubtedly  be  found  useful  to  all  interested  in 
this  important  subject,  whether  theoretically  or  practically.    Most  of  the  examples  given  are  from 
actual  work  carried  out,  the  diagrams  being  carefully  drawn.    The  book  is  a  practical  treatise  on 
the  subject,  the  author  himself  having  commenced  as  an  operative  mason,  and  afterwards  acted  as 
forenian  mason  on  many  large  and  important  building^s  prior  to  the  attainment  of  his  present 
position.    It  should  be  found  of  general  utility  to  architectural  students  and  others,  as  well  as  to 
those  to  whom  it  is  specially  addressed.  "—yc«rKa/^</ie  Royal  Institute  0/ British  Architects. 

MODERN    PLUMBING,    STEAM   AND    HOT  WATER 

HEATING. 

A  New  Practical  Work  for  the  Plumber,  the  Heating  Engineer,  the  Architect, 
and  the  Builder.  By  J.  J.  Lawler,  Author  of  "  American  Sanitary  Plumbing," 
&c.    With  284  Illustrations  .ind  Folding  Plates.    410,  cloth  Net    21 /" 

CONCRETE:  ITS  NATURE  AND  USES. 

A  Book  for  Architects,  Builders,  Contractors,  and  Clerks  of  Works.  By 
George  L.  Sutcliffe,  A.R.I.B.A.    350  pp.,  with  Illustrations.  Crown 

8vo,  cloth  7/6 

"  The  author  treats  a  difficult  subject  in  a  lucid  manner.    The  manual  fills  a  long-felt  gap. 

It  is  careful  and  exhaustive  ;  equally  useful  as  a  student's  guide  and  an  architect's  book  of 

reference."— yoi<>-«a/  of  the  Royal  Institute  of  British  Architects. 

LOCKWOOD'S  BUILDER'S  PRICE  BOOK  for  1903. 

A  Comprehensive  Handbook  of  the  Latest  Prices  and  Data  for  Builders, 
Architects,  Engineers,  and  Contractors.  Re-constructed,  Re-written,  and 
Greatly  Enlarged.  By  Francis  T.  W.  Miller.  800  closely-printed  pages, 
crown  8vo,  cloth  4/0 

"  This  book  is  a  very  useful  one,  and  should  find  a  place  in  every  English  office  connected 
with  the  building  and  engineering  professions. " — Industries. 

"An  excellent  book  of  reference." — Architect. 

"  In  its  new  and  revised  form  this  Price  Book  is  what  a  work  of  this  kind  should  be— compre- 
hensive, reliable,  well  arranged,  legible,  and  well  bound.  ' — British  Architect. 

DECORATIVE  PART  OF  CIVIL  ARCHITECTURE. 

By  Sir  William  Chambers,  F.R.S.  With  Portrait,  Illustrations,  Notes,  and 
an  Examination  of  Grecian  Architecture,  by  Joseph  Gwilt,  F.S.A. 
Revised  and  Edited  by  W.  H.  Lesds.    66  Plates,  4to,  cloth      .      .    21  /Q 
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THE  MECHANICS  OF  ARCHITECTURE. 

A  Treatise  on  Applied  Mechanics,  especially  Adapted  to  the  Use  of  Architects. 
By  E.  W.  Tarn,  M.A.,  Author  of  "  The  Science  of  Building,"  &c.  Second 
Edition,  Enlarged.    Illustrated  with  125  Diagrams.    Crown  8vo,  cloth  7/6 
"The  book  is  a  very  useful  and  helpful  manual  of  architectural  mechanics."— ^Ki/rfer. 

A  HANDY  BOOK  OF  VILLA  ARCHITECTURE. 

Being  a  Series  of  Designs  for  Villa  Residences  in  various  Styles.  With 
Outline  Specifications  and  Estimates.  By  C.  Wickes,  Architect,  Author  or 
"  The  Spires  and  Towers  of  England,"  &c.    61  Plates,  4to,  half-morocco,  giU 

edges  £1  118.  6d. 

"The  whole  of  the  designs  bear  evidence  of  their  being  the  work  of  an  artistic  architect,  and 
theyr  will  prove  very  valuable  and  suggestive."— Buildittgr  JVews. 

THE  ARCHITECT'S  GUIDE. 

Being  a  Text-book  of  Useful  Information  for  Architects,  Engineers,  Surveyors, 
Contractors,  Clerks  of  Works,  &c.,  &c.    By  F.  Rogers.    Crown  8vo,  cloth. 


ARCHITECTURAL  PERSPECTIVE. 

The  whole  Course  and  Operations  of  the  Draughtsman  in  Drawing  a  Large 
House  in  Linear  Perspective.  Illustrated  by  43  Folding  Plates.  By  b.U. 
Ferguson.    Third  Edition.    8vo,  boards  [Just  Pubhshed.  3IO 

••  It  is  the  most  intelligfible  of  the  treatises  on  this  iU-treated  subject  that  I  have  met  with."— 
E.  INGRESS  BELL,  ESQ.,  in  the  R.J.B.A.  Jourtiai. 

PRACTICAL  RULES  ON  DRAWING. 

For  the  Operative  Builder  and  Young  Student  in  Architecture.  By  George 
Pyne.    14  Plates,  410,  boards  • '° 

MEASURING  AND  VALUING  ARTIFICERS'  WORK 

(The  Student's  Guide  to  the  Practice  of).  Containing  Directions  for  taking 
Dimensions,  Abstracting  the  same,  and  bringing  the  Quantities  into  Bill,  witti 
Tables  of  Constants  for  Valuation  of  Labour,  and  for  the  Calculation  of  Areas 
and  Solidities.  Originally  edited  by  E.  Dobson,  Architect.^  With  Additions 
by  E.  W.  Tarn,  M.A.     Seventh  Edition,  Revised.     With  8  Plates  and 

63  Woodcuts.    Crown  8vo,  cloth  «'6 

"This  edition  will  be  found  the  most  complete  treatise  on  the  principles  of  measuring  and 
valuing  artificers'  work  that  has  yet  been  ^uhXvs'aeA"— Building  News. 

TECHNICAL  GUIDE,  MEASURER,  AND  ESTIMATOR. 

For  Builders  and  Surveyors.  Containing  Technical  Directions  for  Me^unng 
Work  in  all  the  Building  Trades,  Complete  Specifications  for  Houses,  Koads, 
and  Drains,  and  an  Easy  Method  of  Estimating  the  parts  of  a  Building 
collectively.    By  A.  C.  Beaton.     Ninth  Edition.     Waistcoat-pocket  size 


gilt  edges 
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No  buUder,  architect,  surveyor,  or  valuer  should  be  without  his '  Beaton. '  "—Buildinz  News. 

SPECIFICATIONS  FOR  PRACTICAL  ARCHITECTURE. 

A  Guide  to  the  Architect,  Engineer,  Surveyor,  and  Builder.  With  a.n  Essay 
on  the  Structure  and  Science  of  Modern  Buildings.  Upon  the  Basis  ot  the 
Work  by  Alfred  Bartholomew,  thoroughly  Revised,  Corrected,  and  greatly 
added  to  by  Frederick  Rogers,  Architect.    Third  Edition,  Revised.  8vo, 

cloth  ;.V  ? 

"  The  work  is  too  well  known  to  need  any  recommendation  from  us.  It  is  one  of  the  boolcs 
with  which  every  young  architect  must  be  equipped."— vircAi/ert. 

THE  HOUSE-OWNER'S  ESTIMATOR. 

Or,  What  will  it  Cost  to  Build,  Alter,  or  Repair  ?   A  Price  Book  f »  Un- 
professional People  as  well  as  the  Architectural  Surveyor  and  Builder.  By 
J.  D.  Simon.     Edited  by  F.  T.  W.  Miller,  A.R.I.B.A.     Fifth  Edmon^ 
Carefully  Revised.    Crown  8vo,  cloth.     .       ...       .      .    J^et  3/6 

"  In  two  years  it  will  repay  its  cost  a  hundred  times  over."— Field. 
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SANITATION  AND  WATER  SUPPLY. 


THE  HEALTH  OFFICER'5  POCKET=BOOK. 

A  Guide  to  Sanitary  Practice  and  Law.  For  Medical  Officers  of  Health, 
Sanitary  Inspectors,  Members  of  Sanitary  Authorities,  &c.  By  Edward 
F.  WiLLOUGHBY,  M.D.  (Lond.),  &c.  Second  Edition,  Revised  and  Enlarged. 
Fcap.  8vo,  leather.  [/usi  Published.    Net    1 0/6 

"  It  is  a  mine  of  condensed  infonnntion  of  a  pertinent  and  useful  Icind  on  tlie  various  subjects 
of  wliicli  it  treats.  Tlie  different  snlijects  are  succinctly  but  fully  and  scientifically  dealt  with."— 
'I'liv  J.cnicet. 

"  Wo  recommend  all  those  entf.asied  in  practical  sanitary  work  to  furnish  themselves  with  a 
copy  for  reference."— i'«;«V«r_y  •yonrnal. 

THE  BACTERIAL  PURIFICATION  OF  SEWAGE: 

Being  a  Practical  Account  of  the  Various  Modern  Biological  Methods  of 
Purifying  Sewage.  By  Sidney  Barwise,  M.D.  (Lond.),  D.P.H.  (Camb.), 
etc.    With  lo  Page  Plates  and  2  Folding  Diagrams.    Royal  Svo,  cloth. 

Net  6/0 

THE  PURIFICATION  OF  SEWAGE. 

Being  a  Brief  Account  of  the  Scientific  Principles  of  Sewage  Purification,  and 
their  Practical  Application.  By  Sidney  Barwise,  M.D.  (Lond.),  M.R.C.S., 
D.P.H.  (Camb.),  Fellow  of  the  Sanitary  Institute,  Medical  Officer  of  Health 
to  the  Derbyshire  County  Council.    Crown  Svo,  cloth  5/0 

WATER  AND  ITS  PURIFICATION, 

A  Handbook  for  the  Use  of  Local  Authorities,  Sanitary  Officers,  and  others 
interested  in  Water  Supply.  By  S.  Rideal,  D.Sc.  Lond.,  F.I.C.  Second 
Edition,  Revised,  with  Additions,  including  numerous  Illustrations  and  Tables. 
Large  Crown  Svo,  cloth  Net  QIO 

RURAL  WATER  SUPPLY. 

A  Practical  Handbook  on  the  Supply  of  Water  and  Construction  of  Water- 
works for  Small  Country  Districts.  By  Allan  Greenwkll,  A.M.I.C.E., 
andW.  T.  Curry,  A.M.I.C.E.    Revised  Edition.    Crown  Svo,  cloth  5/0 

THE  WATER  SUPPLY  OF  CITIES  AND  TOWNS. 

By  William  Humber,  A.M.  Inst.  C.E.,  and  M.Inst.  M.E.  Imp.  410,  half- 
bound  morocco.    (See  page  II.)  Net  Qs. 

THE  WATER  SUPPLY  OF  TOWNS  AND  THE  CON-' 

STRUCTION  OF  WATER- WORKS. 

By  Professor  W.  K.  Burton,  A.M.  Inst.  C.E.  Second  Edition,  Revised 
and  Extended.    Royal  Svo,  cloth.    (See  page  10.)  .  .       .    £1  5  s. 

WATER  ENGINEERING. 

A  Practical  Treatise  on  the  Measurement,  Storage,  Conveyance,  and  Utilisa- 
tion of  Water  for  the  Supply  of  Towns.    By  C.  Slagg,  A.M.  Inst.  C.E.  7/6 

SANITARY  WORK  IN  SMALL  TOWNS  AND  VILLAGES. 

By  Charles  Slagg,  A.  M.  Inst.  C.E.    Crown  Svo,  cloth    .      .      .  3/0 

PLUMBING. 

A  Text-book  to  the  Practice  of  the  Art  or  Craft  of  the  Plumber.  By  W.  P. 
Buchan.    Ninth  Edition,  Enlarged,  with  500  Illustrations.    Crown  Svo,  3/6 

VENTILATION. 

A  Text-book  to  the  Practice  of  the  Art  of  Ventilating  Buildings.  By  W.  P. 
Buchan,  R.P.    Crown  Svo,  cloth  3/6 
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CARPENTRY,  TIMBER,  ETC. 


THE  ELEMENTARY  PRINCIPLES  OF  CARPENTRY. 

A  Treatise  on  the  Pressure  and  Equilibrium  of  Timber  Framing,  the  Resistance 
of  Timber,  and  the  Construction  of  Floors,  Arches,  Bridges,  Roofs,  Uniting 
Iron  and  Stone  with  Timber,  &c.  To  which  is  added  an  Essay  on  the  Nature 
and  Properties  of  Timber,  &c.,  with  Descriptions  of  the  kinds  of  Wood  used 
in  Building;  also  numerous  Tables  of  the  Scantlings  of  Timber  for  different 
purposes,  the  Specific  Gravities  of  Materials,  &c.  By  Thomas  Tredgold,  C.E. 
With  an  Appendix  of  Specimens  of  Various  Roofs  of  Iron  and  Stone,  Illus- 
trated. Seventh  Edition,  thoroughly  Revised  and  considerably  Enlarged  by 
E  WVNDHAM  Tarn,  M.A.,  Author  of  "  The  Science  of  Building,  &c. 
With  61  Plates,  Portrait  of  the  Author,  and  several  Woodcuts.  In  One  large 
Vol.,  4to,  cloth  £1  OS. 

"Oueht  to  be  in  every  architect's  and  every  builder's  liht^ry  "— Builder. 

"A  work  whose  monumental  excellence  must  commend  it  wherever  Wilful  carpentry  Is 
concerned.  The  author  s  principles  are  rather  confirmed  than  unpaired  by  time.  The  additional 
plates  are  of  great  intrinsic  yahi^."— Building  News. 

WOODWORKINQ  MACHINERY. 

Its  Rise  Progress,  and  Construction.  With  Hints  on  the  Management  of  Saw 
Mills  and  the  Economical  Conversion  of  Timber.  Illustrated  with  Examples 
of  Recent  Designs  by  leading  English,  French,  and  American  Engineers.  _  ay 
M.  Powis  Bale,  A.M.Inst.C.E.,  M.I.M.E.  Second  Edition,  Revised, 
with  large  Additions,  large  crown  8vo,  440  pp.,  cloth  ....  9/0 
"Mr  Bale  is  evidently  an  expert  on  the  subject,  and  he  has  coUected  so  much  'nfo^^tion 

that  his  book  is  aU-sufficient  for  builders  and  others  engaged  in  the  conversion  of  timber. 

mac  nis  Doo  ^^^^  comprehensive  compendium  of  wood- working  machinery  we  have  seen.  The 

author  is  a  thorough  master  of  his  suhjecX.."— Building-  News. 

SAW  MILLS. 

Their  Arrangement  and  Management,  and  the  Economical  Conversion  of 
Tim.ber.     By  M.  Powis  Bale,  A.M.Inst.C.E.    Second  Edition,  Revised. 

Crown  8vo,  cloth  ■  ~i 

"  The  administration  of  a  large  sawing  establishment  is  discussed,  and  the  S"bj<:ct  examined 
from  a  financial  standpoint.  Hence  the  size,  shape,  order,  and  disposition  °fsaw  m'Us  and  the  like 
are  gone  into  in  detail^  and  the  course  of  the  timber  is  traced  from  its  reception  to  "s  delivery  m  its 
converted  state.   We  could  not  desire  a  more  complete  or  practical  treatise.  —Butlder. 

THE  CARPENTER'S  QUIDE.  . 

Or,  Book  of  Lines  for  Carpenters  ;  comprising  all  the  Elementary  Principles 
essential  for  acquiring  a  knowledge  of  Carpentry.  Founded  on  the  late  Peter 
Nicholson's  standard  work.  A  New  Edition,  Revised  by  Arthur  Ashpitel, 
F.S.A.  Together  with  Practical  Rules  on  Drawing,  by  George  Pyne. 
With  74  Plates,  410,  cloth  *J   I  a. 

A  PRACTICAL  TREATISE  ON  HANDRAILINQ. 

Showing  New  and  Simple  Methods  for  Finding  the  Pitch  of  the  Plank,  Drawing 
the  Moulds,  Bevelling,  Jointing-up,  and  Squaring  the  Wreath.  _  By  (jEORGE 
CoLLiNGS.  Second  Edition,  Revised  and  Enlarged,  to  which  is  added 
A  Treatise  on  Stair-building.   With  Plates  and  Diagrams.   i2mo,  clot^ 

•■  •wm  be  found  of  practical  utility  in  the  execution  of  this  difficult  branch  of  j°'"^'y;";T^^^ 
"  Almost  every  difficult  phase  of  this  somewhat  intricate  branch  of  jomery  is  elucidated  by 
the  aid  of  plates  and  explanatory  XeXiex^x^ss." —Furniture  Gazette. 

CIRCULAR  WORK  IN  CARPENTRY  AND  JOINERY. 

A  Practical  Treatise  on  Circular  Work  of  Single  and  Double  Curvature.  By 
George  Collings.    With  Diagrams.    Third  Edition,  lamo,  cloth     .  Z/B 
"  An  exceUent  example  of  what  a  book  of  this  kind  should  be.   Cheap  In  price,  clear  in 
definition,  and  practical  in  the  examples  selected."— 5 

THE    CABINET-MAKER'5  QUIDE   TO  THE  ENTIRE 

CONSTRUCTION  OF  CABINET  WORK. 

By  Richard  Bitmead.  Illustrated  with  Plans,  Sections  and  Working 
Drawings.   Crown  8vo,  cloth  2/0 
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HANDRAILINQ  COMPLETE  IN  EIGHT  LESSONS. 

On  '^«.,Sq"are.Cut  Svstem.     By  J.  S.  GoLnrHORP,  Teacher  of  Geometry 
and  l.uilding  Construction  at  the  Halifax  Mechanics'  Institute.     With  Eieht 
riates  and  over  150  Practical  Exercises.    4to,  cloth        ....  3/6 
TK^   "  '-'■'^'y  '°      of  considerable  value  to  joiners  and  others  who  take  a  oride  in  ?ood  work 

TIMBER  MERCHANT'S  and  BUILDER'S  COMPANION. 

Containing  New  and  Copious  Tables  of  the  Reduced  Weight  and  Measure- 
ment of  Deals  and  Battens,  of  all  sizes,  and  other  Useful  Tables  for  the  use  of 
Innbei-  Merchants  and  Builders.  By  William  Dowsing.  Fourth  Edition, 
Kevised  and  Corrected.    Crown  8vo,  cloth  3/0 

.■,.„..iil'y^^c"^  ^'''^  '°  ^^f  *  edition  of  these  admirable  tables,  which  for  correctness  and 

simplicity  of  arrangement  leave  nothing  to  be  desired.  "-T-.^.fer  Tra<iis  J^rZl  """^"^"^^^ 

THE  PRACTICAL  TIMBER  MERCHANT. 

Being  a  Guide  for  the  Use  of  Building  Contractors,  Surveyors,  Builders,  &c., 
comprising  useful  Tables  for  all  purposes  connected  with  the  Timber  Trade 
Marks  of  Wood,  Essay  on  the  Strength  of  Timber,  Remarks  on  the  Growth  of 
limber,  &c.  By  W.  Richardson.  Second  Edition.  Fcap.  8vo,  cloth  .  3/6 
huilrip',l=HnL«ilo'' "'"'^h  valuable  infonnation  for  the  use  of  timber  merchants, 
y^^/S'^^/';^^     ^  "'""^  <^°""^««<i        the  growth,  sale,  and  manufacture  of  timber."- 

PACKINQ=CASE  TABLES. 

Showing  the  number  of  Superficial  Feet  in  Boxes  or  Packing-Cases,  from  six 
inches  square  and  upwards.  By  W.  Richardson,  Timber  Broker.  Third 
Edition.    Oblong  410,  cloth  o/g 

"  Invaluable  labour-saving  tables."— A-TOwoxpr- 
"  Will  save  mucli  laljcur  and  calculation."— (/rocir. 

GUIDE  TO  SUPERFICIAL  MEASUREMENT. 

Tables  calculated  from  i  to  200  inches  in  length  by  i  to  108  inches  in  breadth. 
^  or  the  use  of  Architects,  Surveyors.  Engineers,  Timber  Merchants, 
iiwlders,  &c.    By  James  Hawkings.    Fifth  Edition.    Fcap.,  cloth .  3/6 

sup^Zlu^T^s^Z:^^^^^^  '°       W^-equire  to  make  calculations  in 

PRACTICAL  FORESTRY. 

And  its  Bearing  on  the  Improvement  of  Estates.  By  Charles  E.  Curtis, 
I'.b.I.,  Professor  of  Forestry,  Field  Engineering,  and  General  Estate 
Management,  at  the  College  of  Agriculture,  Downton.    Second  Edition, 

Kevised.    Crown  8vo,  cloth   SIR 

PREFATORY  Remarks.  —  Objects  of  Planting  —  rHorrTi  nw  a  pnoBCTco 

CHOICE  OF  SOIL  AND  SiTE.-LaYI^Ig  OUT  OF  LaND  Fok  PLr^^A^IO^S -PREPARATION 
27,-^".^  GROUND    FOR   Planting. -DRAINAGE.-PLANTING -DlSTAI^H^ks   AND  D?ST^ 
^^Ji'^MM?''  V^""^        PLANTATIONS.-TREES  AND  GROUND  GAMi  -ATTENTroN^^^^^ 
-METMnr  o?™sT.^  ''l,l':t^Z^™''^-  -  Pi^UNING  OF  FOREST  TREeI-ReIl^z™ 

r=^T  T„2?^„°'^  Sale.— Measurement  of  Timber.-Measurement  and  Valuation 
OF  Larch  Plantation.-Firb  Unes.-Cost  of  Planting  valuation 

tion  ofTuspf,rl^n^  nJ'!if[?fi  ''?"''^^  °^     ^"^7^'  P'^^y  chapters  afforded  much  informa- 

TustaV/culj^^nt^'a^^^^^^^  °"  ''''  P'^""""*^  ^"'^  subsequent  treatment  of  trees."- 

THE  ELEMENTS  OF  FORESTRY. 

Designed  to  afford  Information  concerning  the  Planting  and  Care  of  Forest 
irees  for  Ornament  or  Profit,  with  suggestions  upon  the  Creation  and  Care  of 
Woodlands.    By  F.  B.  Hough.    Large  crown  8vo,  cloth     .  1 Q/O 

'^^^^m^?.  }3£?^J^^'^'  TIMBER  MERCHANT'S,  AND 

BUILDER'S  STANDARD  GUIDE. 

By  Richard  E.  Grandy.  Comprising :— An  Analysis  of  Deal  Standards, 
Home  and  Foreign,  with  Comparative  Values  and  Tabular  Arrangements  for 
fixing  Net  Landed  Cost  on  Baltic  and  North  American  Deals,  including  all 
intermediate  Expenses,  Freight,  Insurance,  &c. ;  together  with  copious  Inforraa- 
Hon  for  the  Retailer  and  Builder.    Third  Edition,  Revised.  lamo.  cloth  2/0 

'in''S*?'r,i;,!w,if''h!"''l  "'f'";  '"'I"  ■";  «■■•"•"''">■•  it  leads  one  from  a  forest  to  a  treenail,  and 
m,  as  a  niakeHeiglit,  a  host  of  material  concerning  bricks,  columns,  cisterns,  Sic"-linir/ish 
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DECORATIVE  ARTS,  ETC. 


SCHOOL   OF   PAINTING    FOR  THE    IMITATION  OF 

WOODS  AND  MARBLES. 

As  Taught  and  Practised  by  A.  R.  Van  der  Burg  and  P.  Van  der  Burg, 
Directors  of  the  Rotterdam  Painting  Institution.  Royal  folio,  iSJ  by  I2|  in., 
Illustrated  with  24  full-size  Coloured  Plates  ;  also  12  plain  Plates,  comprising 
154  Figures.    Fourth  Edition ,  cloth  .  ijust  Published.    Net  £t\  5s. 

List  of  Plates. 

I  Various  tools  required  for  wood  Painting.— 2,  3-  Walnut;  Preliminary 
Stages  of  Graining  and  Finished  specimen.  —  4.  Tools  Used  for  Marble 
Painting  and  method  of  Manipulation.— 5,  6.  St.  Remi  marble-,  Earlier 
Operations  and  finished  Specimen.  —  7.  methods  of  Sketching  Different 
Grains  knots,  &c.— 8,  9.  Ash:  preliminary  Stages  and  Finished  Speci- 
men —'10.  Methods  of  Sketching  Marble  Grains.  —  n,  12.  Breche  Marble  ; 
Preliminary  Stages  of  working  and  Finished  Specimen.— 13.  Maple  ;  Methods 
of  producing  the  Different  Grains.— 14,  15.  Bird's-Eye  maple;  Preliminary 
Stages  and  Finished  Specimen.— 16.  Methods  of  Sketching  the  different 
Species  of  White  Marble.— 17,  18.  White  Marble  ;  preliminary  Stages  of 
Process  and  Finished  Specimen.— 19.  Mahogany;  Specimens  of  Various  Grains 
and  methods  of  Manipulation.— 20,  21.  Mahogany;  Earlier  Stages  and 
Finished  Specimen.— 22,  23,  24.  Sienna  Marble  ;  Varieties  of  Grain,  preliminary 
stages  and  Finished  Specimen.-2s,  26,  27.  juniper  Wood;  Methods  of  Pro- 
ducing Grain,  &c.  ;  Preliminary  Stages  and  finished  Specimen.— 28,  29,  30.  vert 

DE  MER  MARBLE;  VARIETIES  OF  GRAIN  AND  METHODS  OF  WORKING,  UNFINISHED 

and  Finished  Specimens. -31,  32,  33-  Oak;  Varieties  of  Grain,  tools  employed 
and  methods  of  manipulation,  preliminary  stages  and  finished  specimen.— 

34,  35.  36.  WAULSORT  MARBLE;  VARIETIES  OF  GRAIN,  UNFINISHED  AND  FINISHED 
SPECIMENS. 

"  Those  who  desire  to  attain  skill  in  the  art  of  painting  woods  and  marbles  will  find  advantage 
In  consulting  this  book.  .  .  .  Some  of  the  Working  Men's  Clubs  should  give  their  young  men 
the  opportunity  to  study  W— Builder.  .    ,  „ 

'•A  comprehensive  guide  to  the  art.  The  explanations  of  the  processes,  the  manipulation 
and  management  of  the  colours,  and  the  beautifully  executed  plates  wiU  not  be  the  least  valuable  to 
the  student  who  aims  at  making  his  work  a  faithful  transcript  of  nature.  "—Building  News. 

"  Students  and  novices  are  fortunate  who  are  able  to  become  the  possessors  of  so  noble  a 
work."— r/w  Architect. 


ELEMENTARY  DECORATION. 

A  Guide  to  the  Simpler  Forms  of  Everyday  Art.  Together  with  PRACTICAL 
HOUSE  DECORATION.  By  James  W.  Facey.  With  numerous  Illus- 
trations.   In  One  Vol.,  strongly  half-bound  5/0 

H0U5E    PAINTING,    GRAINING,    MARBLING,  AND 
SIQN  WRITING. 

A  Practical  Manual  of.    By  Ellis  A.  Davidson.    Eighth  Edition.  With 
Coloured  Plates  and  Wood  Engravings.    Crown  8vo,  cloth    .       .       .  6/0 
"A  mass  of  information  of  use  to  the  amateur  and  of  value  to  the  practical  \a.w.."— English 
Mechanic. 

THE  DECORATOR'5  ASSISTANT. 

A  Modern  Guide  for  Decorative  Artists  and  Amateurs,  Painters,  Writers, 
Gilders,  &c.  Containing  upwards  of  600  Receipts,  Rules,  and  Instructions  ; 
with  a  variety  of  Information  for  General  Work  connected  with  every  Class  of 
Interior  and  Exterior  Decorations,  &c.  Seventh  Edition.  Cr.  8vo  .  1  /O 
"  Full  of  receipts  of  value  to  decorators,  painters,  gilders,  &c.    The  book  contains  the  gist  of 

larger  treatises  on  colour  and  technical  processes.    It  would  be  difficult  to  meet  with  a  work  so  full 

of  varied  information  on  the  painter  s  m."— Building  News. 

MARBLE  DECORATION 

And  the  Terminology  of  British  and  Foreign  Marbles.  A  Handbook  for 
Students.  By  George  H.  Blagrove,  Author  of  "  Shoring  and  its  Applica. 
tion,"  &c.    With  28  Illustrations.    Crown  8vo,  cloth       ....  3/6 

"This  most  useful  and  much  wanted  handbook  should  be  in  the  hands  of  every  architect  and 
haWiet."— Building  World.  .    ,  „    ^  ^ 

"A  carefully  and  usefully  written  treatise;  the  work  is  essentially  practical.  —Scotsman. 
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DELAMOTTES  WORKS  ON  ILLUMINATION  AND 
ALPHABETS. 


ORNAMENTAL  ALPHABETS,  ANCIENT  &  MEDI/EVAL. 

From  the  Eighth  Century,  with  Numerals;  including  Gothic,  Church-Text, 
large  and  small,  German,  Italian,  Arabesque,  Initials  for  Illumination, 
Monograms,  Crosses,  &c.,  &c.,  for  the  use  of  Architectural  and  Engineering 
Draughtsmen,  Missal  Painters,  Masons,  Decorative  Painters,  Lithographers, 
Engravers,  Carvers,  &c.  Collected  and  Engraved  by  F.  Delamotte,  and 
printed  in   Colours.     New  and  Cheaper  Edition.     Royal  8vo,  oblong, 

ornamental  boards   .  2/6 

"  For  those  who  insert  enamelled  sentences  round  gilded  chalices,  who  blazon  shop  legends 

over  shop-doors,  who  letter  church  walls  with  pithy  sentences  from  the  Decaloeue,  this  book  will  be 

nsefnV'—Athenaiim. 

MODERN  ALPHABETS,  PLAIN  AND  ORNAMENTAL. 

Including  German,  Old  English,  Saxon,  Italic,  Perspective,  Greek,  Hebrew, 
Court  Hand,  Engrossing,  Tuscan,  Riband,  Gothic,  Rustic,  and  Arabesque  ; 
with  several  Original  Designs,  and  an  Analysis  of  the  Roman  and  Old  English 
Alphabets,  large  and  small,  and  Numerals,  for  the  use  of  Draughtsmen, 
Surveyors,  Masons,  Decorative  Painters,  Lithographers,  Engravers,  Carvers, 
&c.  Collected  and  Engraved  by  F.  Delamotte,  and  printed  in  Colours. 
New  and  Cheaper  Edition.  Royal  8vo,  oblong,  ornamentt^l  boards  .  2/6 
"  There  is  comprised  in  it  every  possible  shape  into  which  the  letters  of  the  alphabet  and 

numerals  can  be  formed,  and  the  talent  which  has  been  expended  in  the  conception  of  the  various 

plain  and  ornamental  letters  is  wonderful."— 5to«rfar<j;. 

MEDIEVAL   ALPHABETS    AND  INITIALS. 

By  F.  G.  Delamotte.  Containing  21  Plates  and  Illuminated  Title,  printed 
in  Gold  and  Colours.    With  an  Introduction  by  J.  Willis  Brooks.  Fifth 

Edition.    Small  4to,  ornamental  boards  JVct  5/0 

"A  volume  in  which  the  letters  of  the  alphabet  come  forth  glorified  in  gilding  and  all  the 
colours  of  the  prism  interwoven  and  intertwined  and  intenningled."— 5««. 

A  PRIMER  OF  THE  ART  OF  ILLUMINATION. 

For  the  Use  of  Beginners  ;  with  a  Rudimentary  Treatise  on  the  Art,  Practical 
Directions  for  its  Exercise,  and  Examples  taken  from  Illuminated  MSS., 
printed  in  Gold  and  Colours.    By  F.  Delamotte.    New  and  Cheaper 

Edition.    Small  410,  ornamental  boards  6/0 

"  The  examples  of  ancient  MSS.  rec»ommended  to  the  student,  which,  with  much  good  sense, 

the  author  chooses  from  collections  accessible  to  all,  are  selected  with  judgment  and  Jcnowledge  as 

well  as  t3St^."—Athenczum. 

THE  EMBROIDERER'S  BOOK  OF  DESIGN. 

Containing  Initials,  Emblems,  Cyphers,  Monograms,  Ornamental  Borders, 
Ecclesiastical  Devices,  Mediaval  and  Modern  Alphabets,  and  National 
Emblems.    Collected  by  F.  Delamotte,  and  printed  in  Colours.  Oblong 

royal  8vo,  ornamental  wrapper  .  N'ct  2iO 

"  The  book  will  be  of  great  assistance  to  ladies  and  young  children  who  are  endowed  with 
the  art  of  plying  the  needle  in  this  most  ornamental  and  useful  pretty  work."— £ast  Ang'iiaK  Times. 


WOOD=CARVINa  FOR  AMATEURS. 

With  Hints  on  Design.    By  A  Lady.    With  10  Plates.    New  and  Cheaper 

Edition.    Crown  Svo,  in  emblematic  wrapper  2/0 

"  The  handicraft  of  the  wood-carver,  so  well  as  a  book  can  impart  it,  may  be  learnt  from  '  A 
Lady's  '  publication."— ^/^^^(Ikot. 

PAINTING  POPULARLY  EXPLAINED. 

By  Thomas  John  Gullick,  Painter,  and  John  Times,  F.S.A.  Including 
Fresco,  Oil,  Mosaic,  Water-Colour,  Water-Glass,  Tempera,  Encaustic, 
Miniature,  Painting  on  Ivory,  Vellum,  Pottery,  Enamel,  Glass,  &c.  Fifth 
Edition.    Crown  Svo,  cloth  5/O 

*t*  Adopted  as  a  Prize  Book  at  South  Kensington. 

"  Much  may  be  learned,  even  by  those  who  fancy  they  do  not  require  to  be  taught,  from  the 
careful  perusal  of  this  unpretending  but  comprehensive  treatise."— Ari  journal. 
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NATURAL  SCIENCE,  ETC. 


THE  VISIBLE  UNIVERSE. 

Chapters  on  the  Origin  and  Construction  of  the  Heavens.  By  J.  E.  Gore, 
F.R.A.S.,  Author  of ^'  Star  Groups,"  &c.  Illustrated  by  6  Stellar  Photographs 
and  12  Plates.    Demy  8vo,  cloth  16/0 

STAR  GROUPS. 

A  Student's  Guide  to  the  Constellations.  By  J.  Ellard  Gore,  F.R.A.S., 
M.R.I.A.,  &c.,  Author  of  "The  Visible  Universe,"  "The  Scenery  of  the 
Heavens,"  &c.    With  30  Maps.    Small  4to,  cloth  5/0 

AN  ASTRONOMICAL  GLOSSARY. 

Or,  Dictionary  of  Terms  used  in  Astronomy.  With  Tables  of  Data  and  Lists 
of  Remarkable  and  Interesting  Celestial  Objects.  By  J.  Ellard  Gore, 
F.R.A.S.,  Author  of  "  The  Visible  Universe,"  &c.    Small  crown  8vo,  cloth. 

2/6 

THE  MICROSCOPE. 

Its  Construction  and  Management.    Including  Technique,  Photo-micrography, 
and  the  Past  and  Future  of  the  Microscope.    By  Dr.  Henri  van  Heurck. 
Re-Edited  and  Augmented  from  the  Fourth  French  Edition,  and  Translate 
by  Wynne  E.  Baxter,  F.G.S.    Imp.  8vo,  cloth     ....  18/0 

A  MANUAL  OF  THE  MOLLUSCA. 

A  Treatise  on  Recent  and  Fossil  Shells.  By  S.  P.  Woodward,  A.L.S., 
F.G.S.  With  an  Appendix  on  Recent  and  Fossil  Conchological 
Discoveries,  by  Ralph  Tate,  A.L.S.,  F.G.S.  With  23  Plates  and 
upwards  of  300  Woodcuts.  Reprint  of  Fourth  Edition  (1880).  Crown  8vo, 
cloth  7/6 

THE  TWIN  RECORDS  OF  CREATION. 

Or,  Geology  and  Genesis,  their  Perfect  Harmony  and  Wonderful  Concord. 
By  G.  W.  V.  le  Vaux.    8vo,  cloth  6/0 

LARDNER'S  HANDBOOKS  OF  SCIENCE. 
HANDBOOK  OF  MECHANICS. 

Enlarged  and  re-written  by  B.  LoEWV,  F.R.  A.  S.   Post  8vo,  cloth    .  6/0 

HANDBOOK  OF  HYDROSTATICS  AND  PNEUMATICS. 

Revised  and  Enlarged  by  B.  LoEWY,  F.R.A.S.    Post  8vo,  cloth       .  5/0 

HANDBOOK  OF  HEAT. 

Edited  and  re-written  by  B.  Loewy,  F.R.A.S.    Post  8vo,  cloth       .  6/0 

HANDBOOK  OF  OPTICS. 

New  Edition.   Edited  by  T.  Olver  Harding,  B.A.   Small  8vo,  cloth  5/0 

ELECTRICITY,  MAGNETISM,  AND  ACOUSTICS. 

Edited  by  Geo.  C.  Foster,  B.A.    Small  8vo,  cloth  ....  5/0 

HANDBOOK  OF  ASTRONOMY. 

Revised  and  Edited  by  Edwin  DuNKiN,  F.R.A.S.    8vc,  cloth  .       .  9/6 

MUSEUM  OF  SCIENCE  AND  ART. 

With  upwards  of  1,200  Engravings.  In  Six  Double  Volumes,  £1  1  s.  Cloth, 
or  half-morocco  iSI  11  a.  6d. 

NATURAL  PHILOSOPHY  FOR  SCHOOLS  .  .  3/6 
ANIMAL  PHYSIOLOGY  FOR  SCHOOLS  .   3  6 

THE  ELECTRIC  TELEGRAPH. 

Revised  by  E.  B.  Bright,  F.R.A.S.    Fcap.  8vo  cloth      .      .      .  2/6 
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CHEMICAL  MANUFACTURES, 
CHEMISTRY,  ETC. 
THE  ANALYSIS  OF  OILS  AND  ALLIED  SUBSTANCES. 

Ry  A.  C.  Wright,  M  A.Oxon  ,  B.Sc  Lond  ,  formerly  Assistant  Lecturer  in 
Chemistry  at  the  Yorkshire  College,  Leeds,  and  Lecturer  in  Chemistry  at  the 
Hull  Technical  School.    Demy  8vo,  cloih.  [Just  Published.    Xet  Q'Q 

THE  GAS  ENGINEER'S  POCKET=BOOK. 

Comprising  Tables,  Notes  and  Memoranda  relating  to  the  Manufacture) 
Distribution  and  Use  of  Coal  Gas  and  the  Construction  of  Gas  Works.  By 
H.  O'Connor,  A.M.Inst.C.E.   Second  Edition,  Revised.   470  pp  ,  crown  8vo, 

fuily  Illustrated,  leather  10/6 

"  The  book  contains  a  vast  amount  of  mformation.  ^  The  author  goes  consecutively  through 

the  engineering  details  and  practical  metliods  involved  in  each  of  the  different  processes  or  parts 

of  a  gas-works.    He  has  certainly  succeeded  in  making  a  compilation  of  hard  matters  of  fact 

absolutely  interesting  to  read."— Gaj-  JVorld. 

'*  A  useful  work  of  reference  for  the  gas  engineer  and  all  interested  in  lighting  or  heating  by 

gas,  while  the  analyses  of  the  various  descriptions  of  gas  will  be  of  value  to  the  technical  chemist. 

All  matter  in  any  way  connected  with  the  manufacture  and  use  of  gas  is  dealt  with.  The  book  has 

evidently  been  carefully  compiled,  and  certainly  constitutes  a  useful  addition  to  gas  literature."— 

Builder. 

"The  volume  contains  a  great  quantity  of  specialised  information,  compiled,  we  believe,  from 
trustworthy  sources,  which  should  make  it  of  considerable  value  to  those  for  whom  it  is  specifically 
produced." — Engineer. 

LIGHTING  BY  ACETYLENE 

Generators,  Burners,  and  Electric  Furnaces.  By  William  E.  Gibbs,  M.E. 
With  66  Illustrations.    Crown  8vo,  cloth  7/6 

ENGINEERING  CHEMISTRY. 

A  Practical  Treatise  for  the  Use  of  Analytical  Chemists,  Engineers,  Iron 
Masters,  Iron  Founders,  Students  and  others.    Comprising  Methods  of  Analysis 
and  Valuation  of  the  Principal  Materials  used  in  Engineering  Work,  with 
numerous  Analyses,  Examples  and  Suggestions.     By  H.  Joshua  Phillips, 
F.I.Cm  F.C.S.    Third  Edition,  Revised  and  Enlarged.    Crown  8vo,  420  pp., 
with  Plates  and  other  Illustrations,  cloth.         [Just  Ptiblished.    Net  10/6 
"In  this  work  the  author  has  rendered  no  small  service  to  a  numerous  body  of  practical 
men.  .  .  .  The  analytical  methods  may  be  pronounced  most  satisfactory,  being  as  accurate  as  the 
despatch  required  of  engineering  chemists  permits." — Chemical  News. 

"The  analytical  methods  given  are,  as  a  whole,  such  as  are  likely  to  give  rapid  and  trust- 
worthy results  in  experienced  hands.  .  .  .  There  is  much  excellent  descriptive  matter  in  the  work, 
the  chapter  on  *  Oils  and  Lubrication  '  being  specially  noticeable  in  this  respect." — Engineer, 

NITRO-EXPLOSIVES. 

A  Practical  Treatise  concerning  the  Properties,  Manufacture,  and  Analysis 
of  Nitrated  Substances,  including  the  Fulminates,  Smokeless  Powders,  and 
Celluloid.   By  P.  Gerald  Sanford,  F.  I. C,  Consulting  Chemist  to  the  Cotton 
Powder  Company,  Limited,  &c.   With  Illustrations.   Crown  8vo,  cloth.  9/0 
"Oae  of  the  very  few  text-books  in  which  can  be  found  just  what  is  wanted.    Mr.  Sanford 
goes  steadily  through  the  whole  list  of  explosives  commonly  used,  he  names  any  given  explosive, 
and  tells  us  of  what  it  is  composed  and  how  it  is  manufactured.    The  book  is  excellent  throughout." 
—  The  Engineer, 

A  HANDBOOK  ON  MODERN  EXPLOSIVES. 

A  Practical  Treatise  on  the  Manufacture  and  Use  of  Dynamite,  Gun-Cotton, 
Nitro-Glycerine  and  other  Explosive  Compounds,  including  Collodion-Cotton. 
With  Chapters  on  Explosives  in  Practical  Application.    By  M.  Eissler,  M.E. 

Second  Edition,  Enlarged.    Crown  8vo,  cloth  "|  2/6 

"  A  veritable  mine  of  in^ormati  jn  on  the  subject  of  exjlo^ives  employed  for  inilitary,  mining 
atid  blasting  pnrposts.  '—.1ri/:y  and  A'avy  C,aze/fe. 

DANQEROUS  GOODS. 

Their  Sources  and  Properties,  Modes  of  Storage  and  Transport.  With.  Notes 
and  Comments  on  Accidents  arising  therefrom.  A  Guide  for  the  Use  of 
Government  and  Railwaj'  Officials,  Steamship  Owners,  &c.  By  H.  Joshua 
Phillips,  F.I.C,  F.C.S.  Crown  8vo,  374  pp.,  cloth  ....  Q/Q 
"  Merits  a  wide  circulation,  and  an  intelligent,  appreciative  study." — Chemical  News 
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A  MANUAL  OF  THE  ALKALI  TRADE. 

Including  the  Manufacture  of  Sulphuric  Acid,  Sulphate  of  Soda,  and  Bleaching 
Powder.  By  John  Lomas,  Alkali  Manufacturer.  With  232  Illustrations 
and  Working  Drawings,  Second  Edition,  with  Additions.  Super-royal  8vo, 
cloth  £1  10s. 

"  We  find  not  merely  a  sound  and  luminous  explanation  of  the  chemical  principles  of  the 
trade,  but  a  notice  of  numerous  matters  which  have  a  most  important  bearing  on  the  successful 
conduct  of  alkali  works,  but  which  are  generally  overlooked  by  even  experienced  technological 
authots."— Chemical  Review, 


THE  BLOWPIPE  IN  CHEMISTRY,  MINERALOGY,  Etc. 

Containing  all  known  Methods  of  Anhydrous  Analysis,  many  Working 
Examples,  and  Instructions  for  Making  Apparatus.    By  Lieut. -Colonel  W.  A. 
Ross,  R.A.,  F.G.S.    Second  Edition,  Enlarged.    Crov/n  8vo,  cloth    .  5/0 
"  The  student  who  goes  conscientiously  through  the  course  of  experimentation  here  laid  down 
will  gain  a  better  insight  into  inorganic  chemistry  and  mineralogy  than  if  he  had  '  got  up '  any  of  the 
best  text-books  of  the  day,  and  passed  any  number  of  examinations  in  their  contents  " — Chemical 
IVews, 


THE  MANUAL  OF  COLOURS  AND  DYE=WARES. 

Their  Properties,  Applications,  Valuations,  Impurities  and  Sophistications. 
For  the  Use  of  Dyers,  Printers,  Drysalters,  Brokers,  &c.    By  J.  W.  Slater. 
Second  Edition,  Revised  and  greatly  Enlarged.    Crown  8vo,  cloth       .  7/6 
"There  is  no  other  work  which  covers  precisely  the  same  ground.    To  students  preparing 
for  examinations  in  dyeing  and  printing  it  will  prove  exceedingly  useilaX."— Chemical  News. 


A  HANDY  BOOK  FOR  BREWERS. 

Being  a  Practical  Guide  to  the  Art  of  Brewing  and  Malting.  Embracing  the 
Conclusions  of  Modern  Research  which  bear  upon  the  Practice  of  Brewing. 
By  Herbert  Edwards  Wright,  M.A.    Second  Edition,  Enlarged.  Crown 

8 vo,  530  pp.,  cloth  ...   12/6 

"  May  be  consulted  with  advantage  by  the  student  who  is  preparing  himself  for  examination^ 
tests,  whUe  the  scientific  brewer  will  find  in  it  a  risumi  of  all  the  most  important  discoveries  of 
modern  times.  The  work  is  written  throughout  in  a  clear  and  concise  manner,  and  the  author 
takes  great  care  to  discriminate  between  vague  theories  and  well-estabUshed  facts,  —Brewers 

yournoL^^  have  great  pleasure  in  recommending  this  handy  book,  and  have  no  hesitation  in  saying 
that  it  is  one  of  the  best— if  not  the  best— which  has  yet  been  written  on  the  subject  of  beer-brewing 
In  this  country  ;  it  should  have  a  place  on  the  shelves  of  every  brewer  s  library.  —Brewers 

"  Although  the  requirements  of  the  student  are  primarily  considered,  an  acquaintance  of  half- 
an-hour's  duration  cannot  fail  to  impress  the  practical  brewer  with  the  sense  of  having  found  a 
trustworthy  guide  and  practical  counsellor  in  brewery  maHers."— Chemical  Trade  journal. 


FUELS:  SOLID,  LIQUID,  AND  GASEOUS. 

Their  Analysis  and  Valuation.    For  the  Use  of  Chemists  and  Engineers.  By 
H.  J.  Phillips,  F.C.S.,  formerly  Analytical  and  Consulting  Chemist  to  the 
G.E.  Rlwy.    Third  Edition,  Revised  and  Enlarged.    Crown  8vo,  cloth  2/0 
"  Ought  to  have  its  place  in  the  laboratory  of  every  metallurgical  establishment  and  wherever 
fuel  is  used  on  a  large  scsie."— Chemical  Ni-ws. 


THE  ARTISTS'  MANUAL  OF  PIGMENTS. 

Showing  their  Composition,  Conditions  of  Permanency,  Non-Permanency,  Mid 
Adulterations,  &c.,  with  Tests  of  Purity.    By  H.  C.  Standage.  Third 

Edition.     Crown  8vo,  cloth  2/6 

'•  This  work  is  indeed  multum-itt-parvo,  and  we  can,  with  good  conscience,  recommend  it  to 
all  who  come  in  contact  with  pigments,  whether  as  makers,  dealers,  or  usexs."— Chemical  Review, 

A  POCKET-BOOK  OF  MENSURATION  AND  GAUGING. 

Containing  Tables,  Rules,  and  Memoranda  for  Revenue  Officers,  Brewers, 
Spirit  Merchants,  &c.    By  J.  B.  Mant,  Inland  Revenue.    Second  Edition, 

Revised.    i8mo,  leather  4/0 

"  Should  be  in  the  hands  of  every  practical  hxemei.  — Brewers'  Journal. 
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INDUSTRIAL    ARTS,    TRADES,  AND 
MANUFACTURES. 


TEA  MACHINERY  AND  TEA  FACTORIES. 

A  Descriptive  Treatise  on  the  Mechanical  Appliances  required  in  the 
Cultivation  of  the  Tea  Plant  and  the  Preparation  of  Tea  for  the  Market.  By 
A.  J.  Wallis-Tavi.f.r,  A.  M.  Inst.  C.E.    Medium  8vo,  468  pp.      With  218 

Illustrations  Net  25/0 

summary  of  contents. 
Mechanical  Cultivation  or  Tillage  of  the  Soil.— plucking  or  Gathering 
THE  Leaf. —  Tea  Factories.— The  dressing,  Manufacture,  or  Preparation 
OF  Tea  by  Mechanical  Means.  —  Artificial  withering  of  the  Leaf.— 
Machines  for  Rolling  or  Curling  the  Leaf.— Fermenting  Process.  — 
Machines  for  the  Automatic  drying  or  Firing  of  the  Leaf.— Machines  for 
Non-Automatic  Drying  or  Firing  of  the  leaf.— Drying  or  Firing  Machines. 
—  Breaking  or  Cutting,  and  Sorting  machines.— Packing  the  Tea.— Means 
of  Transport  ON  Tea  Plantations.— Miscellaneous  Machinery  and  Apparatus. 
—Final  Treatment  of  the  Tea.— Tables  and  Memoranda. 

"  The  subject  of  tea  machinery  is  now  one  of  the  first  hiterest  to  a  large  class  of  people,  to 
whom  we  strongly  connnend  the  volume." — Chamber  0/ Commerce  Journal. 

*' When  tea  planting  was  first  nitroduced  into  the  British  possessions  little,  if  any,  machinery 
was  employed,  but  now  its  use  is  almost  universal.  This  volume  contains  a  very  full  account  of  the 
machiner>'  necessary  for  the  proper  outfit  of  a  factory,  and  also  a  description  of  the  processes  best 
carried  out  by  this  machinery." — Joimtal  Society  o/Arts. 

FLOUR  MANUFACTURE. 

A  Treatise  on  Milling  Science  and  Practice.  By  Friedrich  Kick,  Imperial 
Regierungsrath,  Professor  of  Mechanical  Technology  in  the  Imperial  German 
Polytechnic  Institute,  Prague.  Translated  from  the  Second  Enlarged  and 
Revised  Edition  with  Supplement.  By  H.  H.  P.  Powles,  Assoc.  Memb. 
Institution  of  Civil  Engineers.  Nearly  400  pp.  Illustrated  with  28  Folding 
Plates,  and  167  Woodcuts.    Royal  Bvo,  cloth  £"1  gs. 

"This  invaluable  work  is,  and  will  remain,  the  standard  authority  on  the  science  of  milling.  .  .  . 
The  miller  who  has  read  and  digested  this  work  will  have  laid  the  foundation,  so  to  speak,  of  a 
successful  career  ;  he  will  have  acquired  a  number  of  general  principles  which  he  can  proceed  to 
apply.  In  this  handsome  volume  we  at  last  have  the  accepted  text-book  of  modem  milling  in  good, 
sound  English,  which  has  little,  if  any.  trace  of  the  German  idiom." — The  Miller. 

"  The  appearance  of  this  celebrated  work  in  English  is  very  opportune,  an(i  British  millers 
will,  we  are  sure,  not  be  slow  in  availing  themselves  of  its  pages." — Millers^  Gazette. 

COTTON  MANUFACTURE. 

A  Manual  of  Practical  Instruction  of  the  Processes  of  Opening,  Carding, 
Combing,  Drawing,  Doubling  and  Spinning  of  Cotton,  the  Methods  of 
Dyeing,  &c.  For  the  Use  of  Operatives,  Overlookers,  and  Manufacturers. 
By  John  Lister,  Technical  Instructor,  Pendleton.    Bvo,  cloth     .       .  Y/6 

"This  invaluable  volume  is  a  distinct  advance  in  the  literature  of  cotton  manufacture." — 
Machinery, 

"  It  is  thoroughly  reliable,  fulfilling  nearly  all  the  requirements  desired." — Glasg-oiv  Herald. 

MODERN  CYCLES. 

A  Practical  Handbook  on  their  Construction  and  Repair.  By  A.  J.  Wallis- 
Tayler,  a.  M.  Inst.  C.  E.,  Author  of  "  Refrigerating  Machinery,"  &c.  With 
upwards  of  300  Illustrations.    Crown  Bvo,  cloth  "1 0/6 

"The  large  trade  that  is  done  in  the  component  parts  of  bicycles  has  placed  in  the  way  of 
men  mechanically  inclined  extraordinary  facilities  for  building  bicycles  for  their  own  use.  .  .  .  The 
book  will  prove  a  valuable  guide  for  all  those  who  aspire  to  the  manufacture  or  repair  of  their  own 
machines."—  The  Field. 

"A  most  comprehensive  and  up-to-date  treatise." — The  Cycle. 

"  A  very  useful  book,  which  is  quite  entitled  to  rank  as  a  standard  work  for  students  of  cycle 
construction. "— //ViCf/iVij,'-. 

MOTOR  CARS  OR  POWER  CARRIAGES  FOR  COMMON 

ROADS. 

By  A.  J.  Wallis-Tayler,  Assoc.  Memb.  Inst.  C.E.,  Author  of  "Modern 
Cycles,"  &c.  212  pp.,  with  76  Illustrations.  Crown  Svo,  cloth  .  .  4/6 
"The  book  is  clearly  expressed  throughout,  and  is  just  the  sort  of  work  that  an  engineer, 

thinking  of  turning  his  aitention  to  motor.carriage  work,  would  do  well  to  read  as  a  preliminary  to 

starting  operations." — Hn^incei'iHg, 
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PRACTICAL  TANNING. 

A  Handbook  of  Modern  Procesess  and  Receipts  for  the  Treatment  of  Hides, 
Skins,  and  Pelts  of  every  Description.  By  L.  A.  Flemming,  Practical  Tanner. 
Upwards  of  400  pages.    8vo,  cloth.  \_  Just  Published.    JVei  2510 

THE  ART  OF  LEATHER  MANUFACTURE. 

Being  a  Practical  Handbook,  in  which  the  Operations  of  Tanning,  Currying, 
and  Leather  Dressing  are  fully  Described,  and  the  Principles  of  Tanning 
Explained  and  many  Recent  Processes  Introduced  ;  as  also  Methods  tor  the 
Estimation  of  Tannin,  and  a  Description  of  the  Arts  of  Glue  Boiling,  Gu 
Dressing,  &c.    By  Alexandkr  Watt.    Fourth  Edition.    Crown  8vo,  '^'^"^ 

••  A  sound,  comprehensive  treatise  on  tanning  and  its  accessories.  The  book  is  an  eminently 
■valuable  production,  which  redounds  to  the  credit  of  both  author  and  pubhshers.  -Chemical 
Reviem. 

THE  ART  OF  50AP-MAKINQ. 

A  Practical  Handbook  of  the  Manufacture  of  Hard  and  Soft  Soaps,  Toilet 
Soaps  &c  Including  many  New  Processes,  and  a  Chapter  on  the  Recovery  of 
Glycerine  from  Waste  Leys.  By  Alexander  Watt.  Sixth  Edition, 
including  an  Appendix  on  Modern  Candlemaking.  Crown  8vo,  cloth  .  7/B 
"The  work  will  prove  very  useful,  not  merely  to  the  technologfical  student,  but  to  the 

tirarUrM  man  boiler  who  wishes  to  understand  the  theory  of  his  azt."— Chemical  Ne-ws. 

P'^"'?.Y°horoughly  practical  treatise.  We  congratulate  the  author  on  the  success  of  his  endeavour 

to  fill  a  void  in  EngUsh  technical  literature."— Aa/«r«. 

PRACTICAL  PAPER-MAKING. 

A  Manual  for  Paper-Makers  and  Owners  and  Managers  of  Paper-Mills.  With 
Tables,  Calculations,  &c.    By  G.  Clapperton,  Paper-Maker.    With  Illus- 
trations of  Fibres  from  Micro-Photographs.    Crown  8vo,  cloth      .       .  O/U 
"  The  author  caters  for  the  requirements  of  responsible  mill  hands,  apprentices,  &c  ,  whilst 
his  manual  till  be  found  of  great  service  to  students  of  technology,  as  well  as  to  veteran  paper- 
mISand  miU  owners.    The  illustrations  form  an  excellent  feature. "-rA*  World's  Paper  Trade 
Review. 

THE  ART  OF  PAPER=MAKING. 

A  Practical  Handbook  of  the  Manufacture  of  Paper  from  Rags,  Esparto, 
Straw  and  other  Fibrous  Materials.  Including  the  Manufacture  of  Pulp  from 
Wood' Fibre,  with  a  Description  of  the  Machinery  and  Appliances  used.  To 
which  are  added  Details  of  Processes  for  Recovering  Soda  from  Waste  Liquors. 
By  Alexander  Watt.  With  Illustrations.  Crown  Svo,  cloth  .  .  7/6 
It  mav  be  regarded  as  the  standard  work  on  the  subject.  The  book  is  full  of  valuable 
information  The  '  Art  of  Paper-Making '  is  in  every  respect  a  niodel  of  a  text-book,  either  for  a 
te?h™cal  c"ass,  or  for  the  private  AsiA^nV-Paper  and  Printing  Trades  Journal. 

A  TREATISE  ON  PAPER. 

For  Printers  and  Stationers.  With  an  Outline  of  Paper  Manufacture ;  Complete 
Tables  of  Sizes,  and  Specimens  of  Different  Kinds  of  Paper.  By  Richard 
Parkinson,  late  of  the  Manchester  Technical  School.  Demy  Svo,  cloth  3/6 

CEMENT5,  PASTES,  QLUES,  AND  QUMS- 

A  Practical  Guide  to  the  Manufacture  and  Application  of  the  various  Aggluti- 
nants  required  in  the  Building,  Metal- Working,  Wood-Working,  and  Leather- 
Working  Trades,  and  for  Workshop  and  Office  Use.  With  upwards  of  900 
Recipes.  By  H.  C.  Standage.  Third  Edition.  Crown  Svo,  cloth  .  2/0 
"We  have  pleasure  in  speaking  favourably  of  this  volume.  So  far  as  we  have  lad 
experience,  which  is  not  inconsiderable,  this  manual  is  trustworthy.'  —Athenaum. 

THE  CABINET=MAKER'S  GUIDE 

TO  THE  ENTIRE  CONSTRUCTION  OF  CABINET  WORK. 

Including  Veneering,  Marquetrie,  Buhlwork,  Mosaic,  Inlaying,  &c.  _  By 
Richard  Bitmead.  Illustrated  with  Plans,  Sections,  and  Working  Drawings. 
Small  crown  Svo,  cloth  ,      .  2iO 

FRENCH  POLISHING  AND  ENAMELLING. 

A  Practical  Work  of  Instruction.  Including  Numerous  Recipes  fcr  makirg 
Polishes,  Varnishes,  Glaze-Lacquers,  Revivers,  &c.  By  K'Chard  Bitmead, 
Author  of  "  The  Cabinet-Msker's  Guide."    Small  crown  Svo,  cloth      .    1  /O 
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WOOD  ENQRAVINQ. 

A  Practical  and  Easy  Introduction  to  the  Study  of  the  Art.   By  W.  N  Brown 

i2nio,  cloth  '1/6 

"The  book  is  clear  and  complete,  and  will  be  useful  to  any  one  wanting  to  understand  the 
first  elements  of  the  beautiful  art  of  wood  engraving."— Gra/A.c.  uuucriidiiu  cne 

MODERN  HOROLOGY,  IN  THEORY  AND  PRACTICE. 

Translated  from  the  French  of  Claudius  Saunier,  ex-Director  of  the  School 
of  Horology  at  Macon,  by  Julien  Tripplin,  P'.R.A.S.,  Besan^on  Watch 
Manufacturer,  and  Edward  Rigg,  M.A.,  Assayer  in  the  Royal  Mint.  With 
Seventy-eight  Woodcuts  and  Twenty-two  Coloured  Copper  Plates.  Second 
Edition.    Super-royal  8vo,  £2  2s.  cloth  ;  half-calf  .      .       .    £2  lOs. 
n       f  Vf"'!'®         horological  work  in  the  English  language  at  all  to  be  compared  to  this  produc- 
tion ot  M.  baunier  s  for  clearness  and  completeness.    It  is  alike  good  as  a  guide  for  the  student  and 
^  '  „  i.?""^^      "'^  experienced  horologist  and  skilled  mTkvaa.a."—Horoto^cal  Joumal. 

'  The  latest,  the  most  complete,  and  the  most  reliable  of  those  literary  productions  to  which 
contmental  watchmakers  are  indebted  for  the  mechanical  superiority  over  their  English  brethren 
— m  fact,  the  Book  of  Books  is  M.  Saunier's  '  Treatise.'"— WjfcA»ta:.6«>-,  jfewcUer,  and  Silversmith. 

THE  WATCH  ADJUSTER'5  MANUAL. 

A  Practical  Guide  for  the  Watch  and  Chronometer  Adjuster  in  Making, 
Springing,  Timing  and  Adjusting  for  Isochronism,  Positions  and  Temperatures! 
By  C.  E.  Fritts.    370  pp.,  with  Illustrations,  8vo,  cloth    .      .       .  16/0 

THE  WATCHMAKER'S  HANDBOOK. 

Intended  as  a  Workshop  Companion  for  those  engaged  in  Watchmaking  and 
the  Allied  Mechanical  Arts.  Translated  from  the  French  of  Claudius 
Saunier,  and  enlarged  by  Julien  Tripplin,  F.R.A.S.,  and  Edward 
Rigg,  M.A.,  Assayer  in  the  Royal  Mint.    Third  Edition.    Crown  8vo,  cloth 

9/0 

Each  part  is  truly  a  treatise  in  itself.  The  arrangement  is  good  and  the  language  is  clear 
and  concise.    It  is  an  admirable  guide  for  the  j'oung  watchmaker."— 

"'  It  is  impossible  to  speak  too  highly  of  its  excellence.  It  fulffls  every  requirement  in  a 
handbook  mtended  for  the  use  of  a  workman.  Should  be  found  m  every  workshop."— f^aicA  and 
Clockmaker. 

HISTORY  OF  WATCHES  &  OTHER  TIMEKEEPERS. 

By  James  F.  Kendal,  M.B.H.  Inst.    1/6  boards  ;  or  cloth,  gilt       .  2/6 
"The  best  which  has  yet  appeared  on  this  subject  in  the  English  \3.-a%\i?L%e.."— Industries. 
"  Open  the  book  where  you  may,  there  is  interesting  matter  in  it  concerning  the  ingenious 
devices  of  the  zmcient  or  modem  \ioxo\o^ex." —Saturday  Review. 

ELECTRO-PLATING &ELECTRO  REFINING OFMETALS. 

Being  anew  edition  of  Alexander  Watt's  "Electro-Deposition."  Re- 
vised and  Largely  Rewritten  by  Arnold  Philip,  B.Sc,  A.I.E.E.,  Piincipal 
Assistant  to  the  Admiralty  Chemist.    Large  Crown  Svo,  cloth. 

[just  Published.   Net  12/6 

"Altogether  the  work  can  be  highly  recommended  to  every  electro-plater,  and  is  of  un- 
doubted interest  to  every  electro-metallurgist."— /;Vc(Y;-/<-«/  Keviem. 

"Eminently  a  book  for  the  practical  worker  in  electro-deposition.  It  contains  practical 
descriptions  of  methods,  processes  and  materials,  as  actually  pursued  and  used  in  the  workshoD  "— 
hyigxneer.  ^' 

ELECTRO-METALLURGY. 

Practically  Treated.  By  Alexander  Watt.  Tenth  Edition,  including  the 
most  recent  Processes.    i2rao,  cloth  gyg 

prosecut^onf'ellcKoplath'g^^^^^^  ^"''"'^  '"''^  '^"^  everything  necessary  for 'the  successful 

JEWECLER'S  assistant  IN  WORKING    IN  GOLD. 

A  Practical  Treatise  for  Masters  and  Workmen,  Compiled  from  the  Experience 
of  Thirty  Years'  Workshop  Practice.  By  George  E.  Gee,  Author  of  "  The 
Goldsmith's  Handbook,"  &c.    Crown  Svo,  cloth  7/6 

u.,„.i-"'^^J''*v'?^?^°'^'?'^''"''=^  education  Is  apparently  destined  to  be  a  valuable  auxiliary  to  a 
handicraft  which  is  certainly  capable  of  great  Improvement. "-rAc  Tinies.  -uxmary 
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ELECTROPLATINQ. 

A  Practical  Handbook  on  the  Deposition  of  Copper,  Silver,  Nickel,  Gold, 
Aluminium,  Brass,  Platinum,  &c.,  &c.  By  J.  W.  Urquhart,  C.E.  Fourth 
Edition,  Revised.    Crown  8vo,  cloth  6/0 

"An  excellent  practical  manual."— £'«^'««»-t«£-.  

"  An  excellent  work,  giving  the  newest  information.  —Horologrcal  Journal. 

ELECTROTYPINQ. 

The  Reproduction  and  Multiplication  of  Printing  Surfaces  and  Works  of  Art 
by  the  Electro-Deposition  of  Metals.  By  J.  W.  Urquhart,  C.E.  Crown  Svo, 

cloth  ,  5/0 

"  The  book  is  thoroughly  practical ;  the  reader  is.  therefore,  conducted  through  the  leading 

laws  of  electricity,  then  through  the  metals  used  by  electrotypers,  the  apparatus,  and  the  depositing 

processes,  up  to  the  final  preparation  of  the  work."— ^r/  Journal. 

QOLDSMITH'S  HANDBOOK. 

By  George  E.  Gee,  Jeweller,  &c.    Fifth  Edition.    i2mo,  cloth    .      .  3/0 
"A  good,  sound  educator,  and  will  be  generally  accepted  as  an  authority."— /ftfro/o^^a/ 
yournal. 

SILVERSMITH'S  HANDBOOK. 

By  George  E.  Gee,  Jeweller,  &c.  Third  Edition,  with  numerous  lustra- 
tions.   i2mo,  cloth  3/0 

"The  chief  merit  of  the  work  is  its  practical  character.  .  .  .  The  workers  in  the  trade  will 
speedily  discover  its  merits  when  they  sit  down  to  study  W— English  Mechanic. 

*i*  The  above  two  works  together,  strongly  half-bound,  price  7s. 

SHEET  METAL  WORKER'S  INSTRUCTOR. 

Comprising  a  Selection  of  Geometrical  Problems  and  Practical  Rules  for, 
Describing  the  Various  Patterns  Required  by  Zinc,  Sheet-Iron,  Copper,  and 
Tin-Plate  Workers.  By  Reuben  Henry  Warn,  Practical  Tin-Plate  Worker. 
New  Edition,  Revised  and  greatly  Enlarged  by  Joseph  G.  Horner^ 
A.M.I.M.E.    Crown  Svo,  254  pp.,  with  430  Illustrations,  cloth     .      .  7/6 

BREAD  &   BISCUIT   BAKER'S  &  SUQAR-BOILER'S 

ASSISTANT. 

Including  a  large  variety  of  Modern  Recipes.    With  Remarks  on  the  Art  of 
Bread-making.  By  Robert  Wells.  Third  Edition.  Crown  Svo,  cloth  .  2/0 
' '  A  large  number  of  wrinkles  for  the  ordinary  cook,  as  well  as  the  baker.  "—Saturday  Remew. 

PASTRYCOOK  &  CONFECTIONER'S  GUIDE. 

For  Hotels,  Restaurants,  and  the  Trade  in  general,  adapted  also  for  Family 
Use    By  R.  Wells,  Author  of  "  The  Bread  and  Biscuit  Baker."    Crown  Svo, 

cloth  2(0 

"  We  cannot  speak  too  highly  of  this  really  excellent  work.  In  these  days  of  keen  competition 
our  readers  cannot  do  better  than  purchase  this  \>ooY."— Bakers'  Times. 

ORNAMENTAL  CONFECTIONERY. 

A  Guide  for  Bakers,  Confectioners  and  Pastrycooks  ;  including  a  v^»ety  of 
Modern  Recipes,  and  Remarks  on  Decorative  and  Coloured  Work.  With  129 
Original  Designs.  By  Robert  Wells.  Second  Edition.  Crown  Svo,  c'o'i]- 

6/0 

"A  valuable  work,  practical,  and  should  be  in  the  hands  of  every  baker  and  confectioner. 
The  illustrative  designs  are  alone  worth  treble  the  amount  charged  for  the  whole  work.  —UaHers 
Times. 

MODERN  FLOUR  CONFECTIONER. 

Containing  a  large  Collection  of  Recipes  for  Cheap  Cakes,  Biscuits,  &c.  With 
remarks  on  the  Ingredients  Used  in  their  Manufacture.    By  Robert  Wells, 
Author  of  "  The  Bread  and  Biscuit  Baker,"  &c.    Crown  Svo,  cloth       .  2.\%J 
"  The  work  is  of  a  decidedly  practical  character,  and  in  every  recipe  regard  is  had  to  economical 
working."— A'tfr/A  British  Daily  Mail. 

RUBBER  HAND  STAMPS 

And  the  Manipulation  of  Rubber.  A  Practical  Treatise  on  the  Manufacture  of 
Indiarubber  Hand  Stamps,  Small  Articles  of  Indiarubber,  The  Hektograph, 
Special  Inks,  Cements,  and  Allied  Subjects.  By  T.  O  Conor  Sloane,  A.M^ 
Ph.D.    With  numerous  Illustrations.    Square  Svo,  cloth .      .      .       ■  O/U 
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HANDYBOOKS  FOR  HANDICRAFTS. 

BY  PAUL  N.  HASLUCK. 

Editor  of  "Work"  (New  Series),  Author  of  "  Lathe  Work,"  "Milling  Machines, "  &c. 
Crown  8vo,  144  pp.,  price  is.  each. 
IS=  These  Handybooks  have  been  written  to  supply  information  for  Workmen 
Students,  and.  Amateurs  in  the  several-  Handicrafts,  on  the  actual  Practice  of 
ike  Workshop,  and  are  intended  to  convey  in  plain  language  Technical  Know- 
ledge of  the  several  Crafts.  In  describing  the  processes  employed,  and  the  manipu- 
lation of  material,  workshop  terras  are  used  ;  workshop  practice  is  fully  explained  ; 
■and  the  text  is  freely  illustrated  with  drawings  of  modern  tools,  appliances  and 
processes. 

METAL  TURNER'S  HANDYBOOK. 

A  Practical  Manual  for  Workers  at  the  Foot-Lathe.  With  100  Illustrations. 

"The  book  will  be  of  service  alike  to  the  amateur  and  the  artisan  turner.  It  displays 
"thorough  knowledge  of  the  subject."— 5<:o/jwia«. 

WOOD  TURNER'S  HANDYBOOK. 

A  Practical  Manual  for  Workers  at  the  Lathe.    With  over  100  Illustrations. 

1'  ^®  recommend  the  book  to  young  turners  and  amateurs.  A  multitude  of  workmen  have 
'hitherto  sought  m  vam  for  a  manual  of  this  special  mdnstiy."— Mechanical  World. 

WATCH  JOBBER'S  HANDYBOOK. 

A  Practical  Manual  on  Cleaning,  Repairing,  and  Adjusting.    With  upwards  of 

100  Illustrations   1/0 

this  in;xSetoVv'la:"^^^^^^^^^  "'"^       ''^"^'^  ''^^^  study 

PATTERN  MAKER'S  HANDYBOOK. 

A  Practical  Manual  on  the  Construction  of  Patterns  for  Founders.  With 

upwards  of  100  Illustrations  \lQ 

"  A  most  valuable,  if  not  indispensable  manual  for  the  pattern  maker."— K'nowled£-e.  ' 

MECHANIC'S  WORKSHOP  HANDYBOOK. 

A  Practical  Manual  on  Mechanical  Manipulation,  embracing  Information 
on  various  Handicraft  Processes.    With  Useful  Notes  and  Miscellaneous 

Memoranda.    Comprising  about  200  Subjects  "i  IQ 

'■  A  very  clever  and  useful  book,  which  should  be  found  in  every  workshop  ■  and  it  should 
certamly  find  a  place  in  all  technical  schools."— Saturday  Review.  f ,     ^  n  »iiuuiu 

MODEL  ENGINEER'S  HANDYBOOK. 

A  Practical  Manual  on  the  Construction  of  Model  Steam  Engines.  With 

upwards  of  100  Illustrations.   I/O 

"Mr.  Hasluck  has  produced  a  very  good  little  book."— ^Mz'Wer.  '        '        •  "Vi 

CLOCK  JOBBER'S  HANDYBOOK. 

A  Practical  Manual  on  Cleaning,  Repairing,  and  Adjusting.    With  upwards  of 

^  100  Illustrations  -j/q 

"  It  is  of  inestimable  serrice  to  those  commencing  the  X.rs.Ae."— Coventry  Standard.  ' 

CABINET  WORKER'S  HANDYBOOK. 

A  Practical  Manual  on  the  Tools,  Materials,  Appliances,  and  Processes 
employed  in  Cabinet  Work.    With  upwards  of  100  Illustrations      .  .I/O 
"  Mr.  Hasluck's  thorough-going  little  Handybook  is  amongst  the  most  practical  guides  we 
have  seen  for  beginners  in  cabinet-work.  "—5art<>-<iay  iJez/ifa;. 

WOODWORKER'S  HANDYBOOK. 

Embracing  Information  on  the  Tools,  Materials,  Appliances  and  Processes 

Employed  in  Woodworking.    With  104  Illustrations  I/O 

"  Written  by  a  man  who  knows,  not  only  how  work  ought  to  be  done,  but  how  to  do  It.  and 
now  to^ convey  his  knowledge  to  otheTS.  '-Engineerinp-. 

"  Mr.  Hasluck  writes  admirably,  and  gives  complete  instructions.  "—£«fi«««r. 
I  Hasluck  combines  the  experience  of  a  practical  teacher  with  the  manipulative  skill  and 

sclentihc  knowledge  of  processes  of  the  trained  mechanician,  and  the  manuals  are  marvels  of  what 
can  be  produced  at  a  'popula.t pr\ce."— Schoolmaster. 

"  Helpful  to  workmen  of  all  ages  and  degrees  of  experience."— Z)a«/y  Chronicle 
Concise,  clear,  and  practical.'  —Saturday  Revievi. 
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COMMERCE,    COUNTING-HOUSE  WORK, 
TABLES,  ETC. 


LESSONS  IN  COMMERCE. 

Bv  Professor  R.  Gambaro,  of  the  Royal  High  Commercial  School  at  Genoa. 
Edited  and  Revised  by  James  Gault,  Professor  of  Commerce  and  Commercial 
Law  in  King's  College,  London.   Fourth  Edition.   Crown  8vo,  cloth    .  3/6 
"  The  Dublishers  of  this  work  have  rendered  considerable  service  to  the  cause  of  commercial 
education  b7theopportine  production  of  this  volume  .  .  :  The  work  is  pecuharly  accept^^^^^^ 
Ensrlish  readers  and  an  admirab  e  addition  to  existmg  class  books.    In  a  phrase,  we  thmk  the  worK 
at?Sns  its  obfect  in  fu^^^        a  brief  account  of  those  laws  and  customs  of  Bntish  trade  with  which 
tee  commerdal  man  int^^^^       therein  should  be  familiar.  "-CA<r»«*«»-  f  Commerce  Journal. 
the  <=°™^^f '^^{^^i^^^^ide  in  the  hands  of  those  who  are  preparing  for  a  commercial  career,  and, 
In  fact,  the  information  it  contains  on  matters  of  business  should  be  impressed  on  every  one.  - 
Counting  Ho%ise, 

THE  FOREIGN  COMMERCIAL  CORRESPONDENT. 

Beine  Aids  to  Commercial  Correspondence  in  Five  Languages— English, 
French,  German,  Italian,  and  Spanish.     By  Conrad  E.  Baker.  Third 
Edition,  Carefully  Revised  Throughout.    Crown  8vo,  cloth  .       .      .  <*/e» 
"Whoever  wishes  to  correspond  in  all  the  languages  mentioned  by  Mr   Baker  cannot  do 
better  than  study  this  work,  the  materials  of  which  are  excellent  and  convemently  arranged.  They 
consist  norofenLe  spec^^^  but-what  are  far  more  useful-short  passages,  sentences,  or 

nhrasp'!  exoressin?  the  same  general  idea  in  various  forms.' — Athenaum,  j  j 

phrases  expre^ssm|^thesm^^^^         convinced  us  that  it  is  unusuaUy  complete,  weU  arranged  and 

reliable.    The  book  is  a  thoroughly  good  owe  "Sckoohnaster. 

FACTORY  ACCOUNTS:  their  PRINCIPLES  &  PRACTICE. 

A  Handbook  for  Accountants  and  Manufacturers,  with  Appendices  on  the 
Nomenclature  of  Machine  Details;  the  Income  Tax  Acts;  the  Rating  ot 
Factories;  Fire  and  Boiler  Insurance;  the  Factory  and  Workshop  Acts,  &c., 
including  also  a  Glossary  of  Terms  and  a  large  number  of  Specimen  Rulings. 
By  Emile  Garcke  and  J.  M.  Fells.  Fifth  Edition,  Revised  and  Enlarged. 
Demy  8vo,  cloth.  Published.  7/6 

"  A  very  interesting  description  of  the  requirements  of  Factory  Accounts.  .  .  .  Tne  principle 
of  assimilating  the  Factory  Accounts  to  the  general  commercial  books  is  one  which  we  thoroughly 

"  Cha;7cferitefb;lxtSeToroughness.  There  are  few  ow-ners  of  factories  who  would  not 
derive  great  benefit  from  the  perusal  of  this  most  admirable  yiotV.." -Local Government  Chrontcle. 

MODERN  METROLOGY. 

A  Manual  of  the  Metrical  Units  and  Systems  of  the  present  Century.  With 
an  Appendix  containing  a  proposed  English  System.  By  Lpwis  D.  A. 
Jackson,  A.  M.  Inst.  C.  E.,  Author  of  "Aid  to  Survey  Practice,  &c.  Large 

crown  Svo,  cloth  '  2/S 

"  We  recommend  the  work  to  all  interested  in  the  practical  reform  of  out  weights  and 
measures. " — Nature. 

A  SERIES  OF  METRIC  TABLES. 

In  which  the  British  Standard  Measures  and  Weights  are  compared  with  those 
of  the  Metric  System  at  present  in  Use  on  the  Continent.  By  C.  H.  Dowling, 

C.E.    Svo,  doth  '0/6 

"  Mr.  Dowling's  Tables  are  weU  put  together  as  a  ready  reckoner  for  the  conversion  of  one 
system  into  the  other." — Athenaum. 

IRON  AND  METAL  TRADES'  COMPANION. 

For  Expeditiously  Ascertaining  the  Value  of  any  Goods  bought  or  sold  by 
Weight  from  is.  per  cwt.  to  112S.  per  cwt.,  and  from  one  farthing  per  pound  to 
one  shilling  per  pound.  By  Thomas  Downie.  Strongly  bound  in  leather, 
396  pp.  w/U 

"  A  most  useful  set  of  tables,  nothing  like  them  before  existed."— Buildins' News. 

"  Although  specially  adapted  to  the  iron  and  metal  trades,  the  tables  will  be  found  usefu.  in 
•every  other  business  in  which  merchandise  Is  bought  and  sold  by  weight.  —Railway  News. 
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NUMBER,  WEIGHT,  AND  FRACTIONAL  CALCULATOR. 

Containing  upwards  of  250,000  Separate  Calculations,  showing  at  a  Glance  the 
Value  at  422  Different  Rates,  ranging  from  th  of  a  Penny  to  20s.  each,  or  per 
cwt.,  and  £120  per  ton,  of  any  number  of  articles  consecutively,  from  i  to  470. 
Any  number  of  cwts.,  qrs.,  and  lbs.,  from  i  cwt.  to  470  cwts.  Any  number  of 
tons,  cwts.,  qrs.,  and  lbs.,  from  i  to  1,000  tons.  By  William  Chadwick, 
Public  Accountant.    Third  Edition,  Revised  and  Improved.    8vo  strongly 

J'ound  ,  18/0 

"  It  is  as  easy  of  reference  for  any  answer  or  any  number  of  answers  as  a  dictionary.  For 
making  up  accounts  or  estimates  the  book  must  prove  mvaluable  to  all  who  have  any  considerable 
quantity  of  calculations  involving-  price  and  measure  in  any  combination  to  do."— Bng-inter 
"  The  most  perfect  work  of  the  kind  yet  prepared."— G/aj^o-a/  Herald. 


THE  WEIGHT  CALCULATOR. 

Being  a  Series  of  Tables  upon  a  New  and  Comprehensive  Plan,  exhibiting  at 
one  Reference  the  exact  Value  of  any  Weight  from  i  lb.  to  15  tons,  at  300 
Progressive  Rates,  from  id.  to  i68s.  per  cwt.,  and  containing  186,000  Direct 
Answers,  which,  with  their  Combinations,  consisting  of  a  single  addition 
(mostly  to  be  performed  at  sight),  will  afford  an  aggregate  of  10,266,000 
Answers  ;  the  whole  being  calculated  and  designed  to  ensure  correctness  and 
promote  despatch.   By  Henry  Haeben,  Accountant.  Fifth  Edition,  carefully 

Corrected.    Royal  8vo,  strongly  half-bound  £-1  5g_ 

"  A  P"'^^''^^'  ^"<1  useful  work  of  reference  for  men  of  business  generally.  "—/re«?«o«r<r 

o..  .J',9K  P"'=«'ess  value  to  business  men.    It  is  a  necessary  book  in  all  mercantile  offices."— 

Sheffield  Independent. 


THE  DISCOUNT  GUIDE. 

Comprising  several  Series  of  Tables  for  the  Use  of  Merchants,  Manufacturers, 
Ironmongers,  and  Others,  by  which  may  be  ascertained  the  Exact  Profit  arising 
from  any  mode  of  using  Discounts,  either  in  the  Purchase  or  Sale  of  Goods,  and 
the  method  of  either  Altering  a  Rate  of  Discount,  or  Advancing  a  Price,  so  as 
to  produce,  by  one  operation,  a  sum  that  will  realise  any  required  Profit  after 
allowing  one  or  more  Discounts  :  to  which  are  added  Tables  of  Profit  or 
Advance  from  i\  to  90  per  cent..  Tables  of  Discount  from  ij  to  gSf  per  cent., 
and  Tables  of  Commission,  &c.,  from  J  to  10  per  cent.  By  Henry  Harben, 
Accountant.  New  Edition,  Corrected.  Demy  8vo,  half-bound  .  £1  Sg. 
"  A  book  such  as  this  can  only  be  appreciated  by  business  men,  to  whom  the  saving  of  time 

means  saving  of  money.   The  work  must  prove  of  great  value  to  merchants,  manufacturers,  and 

general  traders. "— ^rjtoA  rra<^«  y«<r«a/. 


TABLES  OF  WAGES. 

^t  54,  52,  so  and  48  Hours  per  Week.  Showing  the  Amounts  of  Wages  from. 
One  quarter  of  an  hour  to  Sixty-four  hours,  in  each  case  at  Rates  of  Wages 
advancing  by  One  Shilling  from  4s.  to  555.  per  week.  By  Thos.  Garbutt, 
Accountant.    Square  crown  Svo,  half-bound  6/0 


IRON-PLATE  WEIGHT  TABLES. 

For  Iron  Shipbuilders,  Engineers,  and  Iron  Merchants.  Containing  the 
Calculated  Weights  of  upwards  of  150,000  different  sizes  of  Iron  Plates  from 
I  foot  by  6  in.  by  \  in.  to  10  feet  by  5  feet  by  i  in.  Worked  out  on  the  Basis  of 
40  lbs.  to  the  square  foot  of  Iron  of  i  inch  in  thickness.  By  H.  Burlinson 
and  W.  H.  Simpson.   410,  half-bound  £1  6a, 
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BOOK  VII.    ON  THE  BREEDING.  REARING, 

AND  Management  of  poultry. 

BOOK  VIII.  ON  FARM  OFFICES  AND 
IMPLEMENTS  OF  HUSBANDRY. 

BOOK  IX.  ON  THE  CULTURE  AND  MAN- 
AGEMENT OF  GRASS  LANDS. 

BOOK  X.  ON  THE  CULTIVATION  AND 
APPLICATION  OF  GRASSES,  PULSE  AND 

BOOK^XI.  ON  MANURES  AND  THEIR 
APPLICATION    TO    GRASS    LAND  AND 

BOOK^XII.  MONTHLY  CALENDARS  OF 
FARMWORK. 


AGRICULTURE,  FARMING, 
GARDENING,  ETC. 

THE   COMPLETE   GRAZIER   AND    FARMER'S  AND 

CATTLE  BREEDER'S  ASSISTANT. 

A  Compendium  of  Husbandry.    Originally  Written  by  Wii-"am  Youatt 
Fourteenth  Edition,  entirely  Re-written,  considerably  Enlarged,  ^"f 
up  to  Present  Requirements,  by  William  Fream,  LL-D.,AssLstant  Com- 
missioner, Royal  Commission  on  Agriculture,  Author  of  ''  The  Elements  of 
Tgriculture,"  &c.    Royal  8vo,  i,ioo  pp.,  45o  Illustrations,  ^an^somely  bo^nd. 

BOOK  I.  ON  THE  Varieties,  breeding 

Rearing,  fattening  and  Manage 

MENT  OF  Cattle. 
BOOK  II.  ON  the  Economy  and  Man 

agement  of  the  Dairy. 
Book  III.  On  the  breeding,  rearing 

AND  Management  of  Horses. 
Book  IV.  On  the  breeding.  Rearing 

AND  Fattening  of  Sheep. 
Book  V.  On  the  breeding.  Rearing, 

and  fattening  of  swine. 

book  VI.     ON  THE   DISEASES  OF  LIVE 
STOCK. 

"  Dr.  Fream  is  to  be  congratulated  on  the  successful  attempt  he  has  made  '°  S'^^'i^^J^"^^ 
which  wiU  at  once  become  the  standard  classic  of  the  farm  practice  of  the  country.  We  believe 
that  it  will  be  found  that  it  has  no  compeer  among  the  many  works  at  P'^se^t  in  existence  .  .  . 
The  illustrations  are  admirable,  while  the  frontispiece,  which  represents  the  weU-known  Duu, 
New  Year's  Gift,  bred  by  the  Queen,  is  a  work  of  art. "-  The  Times.  ^vhanstlve  work 

"The  book  must  be  recognised  as  occupying  the  proud  position  of  the  most  exhaustive  worK 
of  reference  in  the  English  language  on  the  subject  with  which  it  deals.  -f'J'X'fvTciti-.h  language 

"The  most  comprehensive  guide  to  modern  farm  practice  that  ^''l^" ''^f^English  l^age 
:o-day.  .  .  .  The  book  is  one  that  ought  to  be  on  every  farm  and  m  the  library  of  every  lana 
nvmet."— Mark  Lane  Express.  ,      .„     _i  •  i    v.„\a  ,  ,^r<.  sminpnt  and 

"In  point  of  exhaustiveness  and  accuracy  the  work  wiU  certainly  ^o'd/.  PJ!';?™"!." 
unique  position  among  books  dealing  with  scientific  agricultural  practice.    It  is,  m  fact,  an  agncui 
tural  library  of  itself  "—A'i;?-//t  British  Agriculturist. 

FARM  LIVE  5T0CK  OF  GREAT  BRITAIN. 

Bv  Robert  Wallace,  F.L.S.,  F.R.S.E.,  &c..  Professor  of  Agriculture  and 
Rural  Economy  in  the  University  of  Edinburgh.  Third  Edition,  thoroughly 
Revised  and  considerably  Enlarged.  With  over  120  Phototypes  of  Prize 
Stock.  Demy  8 vo,  384  pp.,  with  79  Plates  and  Maps,  cloth.  .  •  1.^/0 
"A  reaUy  complete  work  on  the  history,  breeds,  and  management  of  the  farm  stock  of  Gf^at 
Britain,  and  one  which  is  likely  to  find  its  way  to  the  shelves  of  every  country  gentleman  s  hbrary. 

"  ^*'"'The"'Farm  Live  Stock  of  Great  Britain '  is  a  production  to  be  proud  of,  and  its  Issue  not  the 
least  of  the  services  which  its  author  has  rendered  to  agricultural  science."— Sco/h'j-A  I-armer. 

NOTE-BOOK  OF  AGRICULTURAL  FACTS  &  FIGURES 

FOR  FARMERS  AND  FARM  STUDENTS. 

By  Primrose  McConnell,  B.Sc,  Fellow  of  the  Highland  and  Agricultural 
Society,  Author  of  "  Elements  of  Farming."  Si.xth  Edition,  Re-wntten,  Revised, 
and  greatly  Enlarged.     Fcap.  Svo,  480  pp.,  leather,  gilt  edges      .       .  B/U 

CONTENTS.-SURVEYING  and  levelling. -WEIGHTS  AND  MEASURES.-MACHINERY 
AND  buildings.  -  LABOUR.  -  OPERATIONS.  -  DRAINING.  -  EMBANKING.  -  GEOLOGICAL 
MEMORANDA.  -  SOILS.  -  MANURES.  -  CROPPING.  -  CROPS.-  ROTATIONS   -  WEEDS  - 

Feeding.-Dairying.— Live  Stock.-Horses.— Cattle. -Sheep.-Pigs.-Poultry. 
forestry.— horticulture.— miscellaneous. 

"  No  farmer,  and  certainly  no  agricultural  student,  ought  to  be  vrithout  this  mtUtum-in-patvo 
manual  of  all  subjects  connected  with  the  lz.rm."— North  BriHsh  Agriculturist. 

"This  little  pocket-book  contains  a  hirge  amount  of  useful  mformatiou  upon  all  kinds  01 
agricultural  subjects.    Something  of  the  kind  has  long  been  wanted."— i1/«rA  Lane  ■J^^^'''"-  ■ 

"The  amount  of  Information  it  contains  is  most  surprising  ;  the  arrangement  of  the  matter  is 
so  methodical— although  so  compressed— as  to  be  InteUlglble  to  everyone  who  takes  a  glance  througn 
its  pages.    They  teem  witli  information."— and  Home. 

THE  ELEMENTS  OF  AGRICULTURAL  GEOLOGY. 

A  Scientific  Aid  to  Practical  Farming.  By  Primrose  McConnell.  Aiithor  of 
"Note-Book  of  Agricultural  Facts  and  Figures,"  &c.    Royal  Svo,  cloth. 

\Juit  Published.   Net  21 /O 
"On  every  page  the  work  bears  the  impress  of  a  masterly  knowledge  of  the  subject  dealt 
with,  and  we  have  nothing  but  unstinted  praise  to  oRcv."— Field. 
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BRITISH  DAIRYING. 

A  Handy  Volume  on  the  Work  of  the  Dairy- Farm.  For  the  Use  of  Technical 
Instruction  Classes,  Students  in  Agricultural  Colleges  and  the  Working  Dairy- 
Farmer.    By  Prof.  J.  P.  Sheldon.    With  Illustrations.    Second  Edition, 

Revised.   Crown  8vo,  cloth  2/6 

"  Confidently  recommended  as  a  useful  text-book  on  dairy  taTmmg."—Ag^ricnitural  Gazette 
"  Probably  the  best  half-crown  manual  on  dairy  work  that  has  yet  been  produced."— A'<7r<* 
British  ApHcuUurist. 

"  It  is  the  soundest  little  work  we  have  yet  seen  on  the  subject."— rA«  Times. 

MILK,  CHEESE,  AND  BUTTER. 

A  Practical  Handbook  on  their  Properties  and  the  Processes  of  their  Produc- 
tion. Including  a  Chapter  on  Cream  and  the  Methods  of  its  Separation  from 
Milk.  By  John  Oliver,  late  Principal  of  the  Western  Dairy  Institute, 
Berkeley.    With  Coloured  Plates  and  200  Illustrations.    Crown  8vo,  cloth. 

7/6 

'  An  exhaustive  and  masterly  production.  It  may  be  cordially  recommended  to  all  students 
and  practitioners  of  dairy  science."— A^ar/A  British  Agriculturist. 

"  We  recommend  this  very  comprehensive  and  carefully-written  book  to  dairy-farmers  and 
^udents  of  dairying.   It  is  a  distinct  acquisition  to  the  library  of  the  agriculturist."— .^^-ncxZ/Mra^ 

SYSTEMATIC  SMALL  FARMING. 

Or,  The  Lessons  of  My  Farm.  Being  an  Introduction  to  Modern  Farm 
Practice  for  Small  Farmers.    By  R.  Scott  Burn,  Author  of  "  Outlines  of 

Modern  Farming,"  &c.    Crown  Svo,  cloth  6/0 

...  "7^^^  'he  completest  book  of  its  class  we  have  seen,  and  one  which  every  amateur  farmer 
will  read  with  pleasure,  and  accept  as  a  guide."— Fie/d. 

OUTLINES  OF  MODERN  FARMING. 

By  R.  Scott  Burn.  Soils,  Manures,  and  Crops— Farming  and  Farming 
Economy — Cattle,  Sheep,  and  Horses — Management  of  Dairy,  Pigs,  and 
Poultry— Utilisation  of  Town-Sewage,  Irrigation,  &c.  Sixth  Edition.  In  One 
Vol.,  1,250  pp.,  half-bound,  profusely  Illustrated  12/0 

FARM  ENGINEERING,  The  COMPLETE  TEXT-BOOK  of. 

Comprising  Draining  and  Embanking  ;  Irrigation  and  Water  Supply  ;  Farm 
Roads,  Fences  and  Gates  ;  Farm  Buildings  ;  Barn  Implements  and  Machines; 
Field  Implements  and  Machines  ;  Agricultural  Surveying,  &c.  By  Professor 
John  Scott.    In  One  Vol.,  1,150  pp.,  half-bound,  with  over  600  Illustrations. 

12/0 

'•  Written  with  great  care,  as  well  as  with  knowledge  and  ability.  The  author  has  done  his 
work  well ;  we  have  found  him  a  very  trustworthy  guide  wherever  we  have  tested  his  statements. 
Ihe  volume  will  be  of  great  value  to  agricultural  students."— Lane  Express. 

THE  FIELDS  OF  GREAT  BRITAIN. 

A  Text-Book  of  Agriculture.  Adapted  to  the  Syllabus  of  the  Science  and 
Art  Department.  For  Elementary  and  Advanced  Students.  By  Hugh 
Clements  (Board  of  Trade).    Second  Edition,  Revised,  with  Additions. 

i8mo,  cloth  2/6 

"  It  is  a  long  time  since  we  have  seen  a  book  which  has  pleased  us  more,  or  which  contains 
such  a  vast  and^useful  fund  of  knowledge.  "—.ffrf«iraft'ii«a/  Times. 

TABLES  and  MEMORANDA  for  FARMERS,  GRAZIERS, 

AGRICULTURAL  5TUDENT5,  PURVEYORS,  LAND  AQENTS 
AUCTIONEERS,  &c. 

With  a  New  System  of  Farm  Book-keeping.    By  Sidney  Francis.  Fifth 
Edition.    272  pp.,  waistcoat-pocket  size,  limp  leather      .       .       .  -1/6 
,  s   "  Weighing  less  than  i  oz.,  and  occupyingno  more  space  than  a  match-box,  it  contains  a  mass 
01  tacts  and  calculations  which  has  never  before,  in  such  handy  form,  been  obtainable  Every 
operation  on  the  farm  is  dealt  with.    The  work  may  be  taken  as  thoroughly  accurate,  the  whole  of 
"'"^  revised  by  Dr.  Fream.    We  cordially  recommend  \t."— Bells  mekly 

THE     ROTHAMSTED    EXPERIMENTS    AND  THEIR 

PRACTICAL  LE550N5  FOR  FARMER5. 
Part  I.  Stock.    Part  II.  Crops.    By  C.  J.  R.  Tipper.    Crown  Svo,  cloth. 

3/6 

•  .  '1^^  have  no  doubt  that  the  book  wUl  be  welcomed  by  a  large  class  of  farmers  and  others 
interested  In  agriculture.  —5to«rfa?n'. 
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FERTILISERS  AND  FEEDING  STUFFS. 

Their  Prooerties  and  Uses     A  Handbook  for  the  Practical  Farmer.  By 
information  in  so  intelligible  a  form." -The  Times. 

BEES  FOR  PLEASURE  AND  PROFIT. 

A  Guide  to  the  Manipulation  of  Bees,  the  Production  of  Honey,  and  the 
General  Management  of  the  Apiary.  By  G.  Gordon  Samson.  W  th 
numerous  Illustrations.    Crown  8vo,  wrapper  I  'V» 

BOOK-KEEPING  for  FARMERS  and  ESTATJE  OWNERS. 

A  Practical  Treatise,  presenting,  in  Three  Plans,  a  System  adapted  for  a  1 
Cl^s'el^'oTFa'rms.    B^y  JohnIon  M.  Woodman,  Chartered  ^^^^^^^^^^^ 
Fourth  Edition.   Crown  8 vo,  cloth.  .        1     ,r  fl' 

"  The  volume  is  a  capital  study  of  a  most  important  subject.  -A^nmlhiral  Gazette. 

WOODMAN'S  YEARLY  FARM  ACCOUNT  BOOK. 

Giving  Weekly  Labour  Account  and  Diary,  and  showing  the  Income  ^d 
Exoenditure  under  each  Department  of  Crops,  Live  Stock,  Dairy  &c.,  &c. 
Wilh  Va  uIdon,  Profit  and  Loss  Account,  and  Balahce  Sheet  at  the  End  of  the 
Year.    S  joHNSON  M.  Woodman,  Chartered  Accountant.    Second  Ed.tio^ 

Folio,  half-bound  ,  „• 

■•  ContJdns  every  requisite  for  keeping  farm  accounts  readily  and  accurately.  -Agrtc^U^-e. 

THE  FORCING  GARDEN. 

Or  How  to  Grow  Early  Fruits,  Flowers  and  Vegetables  With  Plans  and 
Estimatrs  for  Building  Glasshouses,  Pits  and  Frames.  With  lUustratjons^ 
Bv  Samuel  Wood.   Crown  Bvo,  cloth   o/o 

A  good  book,  containing  a  great  deal  of  valuable  teachins.'-Gardeners  Magazine. 

A  PLAIN  GUIDE  TO  GOOD  GARDENING. 

Or  How  to  Grow  Vegetables,  Fruits,  and  Flowers.  By  S.  Wood.  Fourth 
iditionr  with  considerable  Additions,  and  numerous  Illustrations.  Crown 

••  A^ve^' gMd  book,  and  one  to  be  highly  recommended  as  a  practical  guide.    The  practical 
directions  are  excellent."— 

MULTUM-IN=PARVO  GARDENING. 

Or  How  to  Make  One  Acre  of  Land  produce  ;£62o  a  year,  by  the  Cultivation 
Jf  FruU^  and  Vegetables  ;  also,  How  to  Grow  Flowers  in  Three  Glass  Houses 
so  al  o  realiseTi76  per  annum  clear  Profit.  By  Samuel  Wood,  Author  of 
■°G^od  Gardeni^^^^  Sixth  Edition,  Crown  8vo,  sewed    .       .  -1/0 


THE  LADIES'  MULTUM-IN-PARVO  FLOWER  GARDEN. 

And  Amateur's  Complete  Guide.    By  S.  Wood.    Crown  8vo,  cloth      .  3/6 

POTATOES:  HOW  TO  GROW  AND  SHOW  THEM. 

A  Practical  Guide  to  the  Cultivation  and  General  Treatment  of  the  Potato^ 
By  J.  Pink.   Crown  8vo  

MARKET  AND  KITCHEN  GARDENING. 

By  C.  W.  Shaw,  late  Editor  of  "Gardening  Illustrated."    Crown  Bvo,  cbt^ 
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AUCTIONEERING,   VALUING,  LAND 
SURVEYING,  ESTATE  AGENCY,  ETC. 


INWOOD'S    TABLES   FOR    PURCHA5INQ  ESTATES 

AND  FOR  THE  VALUATION  OF  PROPERTIES, 

Including  Advowsons,  Assurance  Policies,  Copyholds,  Deferred  Annuities 
Freeholds,  Ground  Rents,  Immediate  Annuities,  Leaseholds,  Life  Interests' 
Mortgages,  Perpetuities,  Renewals  of  Leases,  Reversions,  Sinking  Funds' 
&c.,  &c.  26th  Edition,  Revised  and  Extended  by  William  Schooling' 
F.R.A.S.,  with  Logarithms  of  Natural  Numbers  andXHOMAN's  Logarithmic 
Interest  and  Annuity  Tables.    360  pp..  Demy  8vo,  cloth. 

[Just  Published.   Net  8/0 
"  Those  interested  in  the  purchase  and  sale  of  estates,  and  hi  the  adjustment  of  compensation 
cases,  as  well  as  in  transactions  in  annuities,  life  msuiances,  &c.,  will  find  the  present  edition  of 
eminent  service." — Engineerijig. 

r."  ^'^'^  valuable  book  has  been  considerably  enlargjed  and  improved  by  the  labours  of 
Mr.  Schooling,  and  is  now  very  complete  KwAasA."— Economist. 

"  Altogether  this  edition  will  prove  of  extreme  value  to  many  classes  of  professional  men  in 
saving  them  many  long  and  tedious  z^XcvXs.Wo'os."— Investors'  Review. 


THE  APPRAISER,  AUCTIONEER,   BROKER,  HOUSE 

AND  ESTATE  AGENT  AND  VALUER'5  POCKET  ASSISTANT, 

For  the  Valuation  for  Purchase,  Sale,  or  Renewal  of  Leases,  Annuities,  and 
Reversions,  and  of  Property  generally  ;  with  Prices  for  Inventories,  &c.'  By 
John  Wheeler,  Valuer,  &c.    Sixth  Edition,  Re-written  and  greatly 'Extended 

by  C.  NoRRis.    Royal  32mo,  cloth  g/Q 

"  A  neat  and  concise  book  of  reference,  containing  an  admirable  and  clearly-arranged  list  of 
prices  for  inventories,  and  a  very  practical  guide  to  detennine  the  value  of  furniture,  &c."— Standard 
"  Contains  a  large  quantity  of  varied  and  useful  information  as  to  the  valuation  for  purchase 
sale,  or  renewal  of  leases,  annuities  and  reversions,  and  of  property  generally,  vrith  prices  for 
Inventories,  and  a  guide  to  determine  the  value  of  interior  fittings  and  other  etiects."— Builder. 

AUCTIONEERS:  THEIR  DUTIES  AND  LIABILITIES. 

A  Manual  of  Instruction  and  Counsel  for  the  Young  Auctioneer.    By  Robert 
Squibbs,  Auctioneer.    Second  Edition,  Revised.   Demy  8vo,  cloth  .'l2/6 
"The  work  is  one  of  general  excellent  character,  and  gives  much  information  In  a  com- 
pendious and  satisfactory  form." — Builder. 

"May  be  recommended  as  giving  a  great  deal  of  Information  on  the  law  relating  to 
auctioneers,  in  a  very  readable  form." — Law  Journal. 


THE  AGRICULTURAL  VALUER'S  ASSISTANT. 

A  Practical  Handbook  on  the  Valuation  of  Landed  Estates ;  including 
Example  of  a  Detailed  Report  on  Management  and  Realisation ;  Forms  of 
Valuations  of  Tenant  Right ;  Lists  of  Local  Agricultural  Customs  ;  Scales  of 
Compensation  under  the  Agricultural  Holdings  Act,  and  a  Brief  Treatise  on 
Compensation  under  the  Lands  Clauses  Acts,  &c.  By  Tom  Bright,  Agricul- 
tural Valuer.  Author  of  "  The  Agricultural  Surveyor  and  Estate  Agent's 
Handbook."  Fourth  Edition,  Revised,  with  Appendix  containing  a  Digest  of 
the  Agricultural  Holdings  Acts,  1S83  and  1900.    Crown  8vo,  cloth  .  Net  QjQ 

"Full  of  tables  and  examples  in  connection  with  the  valuation  of  tenant-right,  estates,  labour 
contents  and  weights  of  timber,  and  farm  produce  of  all  kinds."— ylg'ricultiiral  Gazette. 

"An  eminently  practical  handbook,  full  of  practical  tables  and  data  of  undoubted  interest  and 
value  to  surveyors  and  auctioneers  in  preparing  valuations  of  all  kinds."— Farmer, 


POLE  PLANTATIONS  AND  UNDERWOODS. 

A  Practical  Handbook  on  Estimating  the  Cost  of  Forming,  Renovating 
Improving,  and  Grubbing  Plantations  and  Underwoods,  their  Valuation  for 
Purposes  of  Transfer,  Rental,  Sale  or  Assessment.    By  Tom  Bright.  Crown 

8vo,  cloth  3/6 

!!^?  j;^"f 'S,  foresters  and  agents  it  will  be  a  welcome  a.id."— North  British  Agriculturist. 
WeU  calculated  to  assist  the  valuer  in  the  discharge  of  his  duties,  and  of  undoubted  interest 
ana  use  both  to  surveyors  and  auctioneers  in  preparing  valuations  of  all  \iiaAs." —Kent  Herald, 
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AGRICULTURAL  SURVEYOR  AND  ESTATE  AGENT'S 

Of'^acti«i? Rul'es,  Formulae,  Tables,  and  Data.  A  Comprehensive  Manual 
for  the  Use  of  Surveyors,  Agents,  Landowners,  and  others  interested  m  the 
Equipment,  the  Management,  or  the  Valuation  of  Landed  Estates  By 
Tom  Bright,  Agricultural  Surveyor  and  Valuer,  Author  of  The  Agri- 
cultural Valuer's  Assistant,"  &c.    With  Illustrations.     Fcap.  8vo,  Leather. 

•'  An  exceedinc'Iv  useful  book,  the  contents  of  which  are  admirably  chosen.  The  classes  for 
whom  the  wSf  is  imended  will  find  it  convenient  to  have  this  comprehensive  handbook  accessible 

for  "^eff/f -f/^^-^f^^^^f „ell  informed  compendium  of  the  facts  and  figures  Ukely  to 
be  requTrld  in  fstate^work,  and  is  certain  to  prove  of  much  service  to  those  to  whom  it  is 
addressed."— Sc<;i'J»!3«. 

THE  LAND  VALUER'S  BEST  ASSISTANT. 

Being  Tables  on  a  very  much  Improved  Plan,  for  Calculating  the  Value  of 
Estates  With  Tables  for  reducing  Scotch,  Irish,  and  Provincial  Customary 
Acres  to  Statute  Measure,  &c.    By  R.  Hudson,   C.E.     New  Edition. 

Royal  32mo,  leather,  elastic  band  4/0 

"  Of  incalculable  value  to  the  country  gentleman  and  professional  man.  —Farmers'  yournal 

THE  LAND  IMPROVER'S  POCKET-BOOK. 

Comprising  Formulse,  Tables,  and  Memoranda  required  in  any  Computation 
relating  to  the  Permanent  Improvement  of  Landed  Property.  By  John  Ewart, 
Surveyor.    Second  Edition,  Revised.    Royal  32mo,  oblong,  leather      .  4/0 
"  A  compendious  and  handy  little  volume."— 5>>erta:^o>-. 

THE   LAND  VALUER'S   COMPLETE  POCKET=BOOK. 

Being  the  above  Two  Works  bound  together.     Leather.      .      .  .7/6 

HANDBOOK  OF  HOUSE  PROPERTY. 

A  Popular  and  Practical  Guide  to  the  Purchase,  Tenancy,  and  Com- 
pulsory Sale  of  Houses  and  Land,  including  Dilapidations  and  Fixtures  : 
with  Examples  of  all  kinds  of  Valuations,  Information  on  Building  and  on  the 
right  use  of  Decorative  Art.    By  E.  L.  Tarbuck,  Architect  and  Surveyor. 

Sixth  Edition.    i2mo,  cloth  5/0 

"The  advice  is  thoroughly  practical."— Z,aw  yoK?-Ka/. 

"  For  all  who  have  dealings  with  house  property,  this  is  an  indispensable  guide.  —Decoration. 
"  Carefully  brought  up  to  date,  and  much  improved  by  the  addition  of  a  division  on  Fine  Art. 
A  well-y/ritten  and  thoughtful  work."— i:.a«a!  Agents'  Record. 


LAW  AND  MISCELLANEOUS. 


MODERN  JOURNALISM. 

A  Handbook  of  Instruction  and  Counsel  for  the  Young  Journalist.    By  John 
B.  Mackie,  Fellow  of  the  Institute  of  Journalists.    Crown  8vo,  cloth    .  2/0 
"  This  invaluable  guide  to  journalism  is  a  work  which  all  aspirants  to  a  journalistic  career  will 
read  with  advantage."— yoKrwa/iV/. 

HANDBOOK  FOR  SOLICITORS  AND  ENGINEERS 

Engaged  in  Promoting  Private  Acts  of  Parliament  and  Provisional  Orders  for 
the  Authorisation  of  Railways,  Tramways,  Gas  and  Water  Works,  &c. 
By  L.  L  Macassev,  of  the  Middle  Temple,  Barrister-at-Law,  M.I. C.E. 
8vo,  cloth  £1  6a. 

PATENTS  for  INVENTIONS,  HOW^  to  PROCURE  THEM. 

Compiled  for  the  Use  of  Inventors,  Patentees  and  others.  By  G.  G.  M. 
Hardingham,  Assoc.  Mem.  Inst.  C.E.,  &c.    Demy  8vo,  cloth      .  .1/6 

CONCILIATION  &  ARBITRATION  in  LABOUR  DISPUTES. 

A  Historical  Sketch  and  Brief  Statement  of  the  Present  Position  of  the 
Question  at  Home  and  Abroad.  By  J.  S.  Jeans.  Crown  Svo,  200  op., 
doth   2/6 
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EVERY  MAN'S  OWN  LAWYER. 

A  Handy-Book  of  the  Principles  of  Law  and  Equity.  With  a  Concise 
Dictionary  of  Legal  Terms.  By  A  Barrister.  Fortieth  Edition,  carefully 
Revised,  and  including  New  Acts  of  Parliament  of  1902.  Comprising  the 
Licensins^  Act,  igo2 ;  the  Sliop  Cbihs  Act,  IQ02  ;  the  Midunves  Act,  IQ02  ; 
the  Cronation  Act,  iQOS,  and  other  enactments  of  the  year.  Judicial 
Decisions  during  the  year  have  also  been  duly  noted.  Crown  8vo,  800  pp., 
strongly  bound  in  cioth.  \Just  Published.  6/8 

*♦*  This  Standard  Work  0/  Reference  forms  A  Complete  Epitome  of  the 
Laws  of  England,  comprising  {amongst  other  ^natter) ; 


THE  RIGHTS  AND  WRONGS  OF  INDIVIDUALS 


landlord  and  tenant 
Vendors  and  Purchasers 
Leases  and  Mortgages 
Joint-stock  Companies 
masters,  Servants  and  Workmen 
Contracts  and  Agreements 
Money  Lenders,  Suretiship 
Partnership,  shipping  Law 
Sale  and  purchase  of  Goods 
Cheques.  Bills  and  Notes 
Bills  of  Sale,  Bankruptcy 
Life,  Fire,  and  Marine  Insurance 
Libel  and  slander 


Criminal  Law 

Parliamentary  Elections 

County  Councils 
1  District  and  Parish  Councils 

Borough  Corporations 

Trustees  and  Executors 

Clergy  and  Churchwardens 

Copyright,  Patents,  Trade  Marks 

Husband  and  wife,  Divorce 
\  INFANCY,  Custody  of  Children 

Public  Health  and  Nuisances 

Innkeepers  and  Sporting 

Taxes  and  Death  Duties 


Forms  of  wills,  Agreements,  Notices,  &c. 


fc»  The  object  of  this  work  is  to  enable  those  niho  consult  it  to  help  themselves  to  the 
law  ;  and  thereby  to  dispense,  as  far  as  possible,  with  professional  assistance  and  advice.  There 
are  -many  wrongs  and  grievances  which  persons  sub?nit  to  from  time  to  time  through  not 
knowing  how  or  where  to  apply  for  redress  ;  and  many  persons  have  as  great  a  dread  of  a 
lawyers  office  as  of  a  lion's  den.  With  this  book  at  hand  it  is  believed  that  Tnany  a  SlX-AND- 
Eightpence  may  be  saved  ;  many  a  wrong  redressed  ;  many  a  right  reclaimed ;  ^nany  a  law 
suit  avoided  ;  andm^ny  an  evil  abated.  The  work  has  established  itself  as  the  standard  legal 
adviser  of  all  classes,  and  has  also  Tnade  a  reputation  for  itself  as  a  useful  book  of  reference  for 
lawyers  residing  at  a  distance  from  law  libraries,  who  are  glad  to  have  at  hand  a  work 
embodying  recent  decisions  and  enactments. 


Opinions  of  the  Press. 


"  The  amount  of  information  given  in  tlie  volume  is  simply  wonderful.  The  continued 
popularity  of  the  work  shows  that  it  fulfils  a  useful  purpose." — Law  Joiiriial. 

"  As  a  book  of  reference  this  volume  is  without  a  rival." — Pall  Mall  Gazette. 

"  No  Enghshnian  ought  to  be  without  this  book." — Engineer. 

"Ought  to  be  in  every  business  establishment  and  in  all  libraries." — Sheffield  Post. 

"  The  '  Concise  Dictionary  '  adds  considerably  to  its  value." — U'estiiiinster  Gazette. 

"  It  Is  a  complete  code  of  English  Law  written  in  plain  language,  which  all  can  understand, 
.  .  .  Should  be  in  the  hands  of  every  business  [man,  and  all  who  wish  to  aboUsh  lawyers'  bills.  "— 
Weekly  Times. 

"  A  useful  and  concise  epitome  of  the  law,  compiled  with  considerable  care." — Law  Magazine. 
"  A  complete  digest  of  the  most  useful  facts  which  constitute  English  lavr."— Globe. 
"Admirably  done,  admirably  arranged,  and  admirably  cheap." — Leeds  Mercury. 
"  A  concise,  cheap,  and  complete  epitome  of  the  English  law.    So  plainly  written  that  he  who 
runs  may  read,  and  lie  who  reads  may  understand." — Figaro. 

"  A  dictionary  of  legal  facts  well  put  together.    The  book  is  a  very  useful  one."— Spectator 


LABOUR  CONTRACTS. 

A  Popular  Handbook  on  the  Law  of  Contracts  for  Works  and  Services.  By 
David  Gibbons.  Fourth  Edition,  with  Appendix  of  Statutes  by  T.  F.  Uttlev, 
Solicitor,    Fcap.  8vo,  cloth  3/6 
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WE  ALE'S  SERIES 

OF 

SCIENTIFIC  AND  TECHNICAL 

WORKS. 


"  It  is  not  too  much  to  say  that  no  books  have  ever  proved  more 
popular  with  or  more  useful  to  young  engineers  and  others  than  the 
excellent  treatises  comprised  in  We  ale's  Series."— Engineer. 
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CIVIL  ENGINEERING  &  SURVEYING. 
Civil  Engineering. 

By  Hkn'ry  Law,  iM.Inst.C.E.  Including  a  Treatise  on  Hydraulic 
tNGiNEEKiNG  by  G.  K.  KuRNELL,  M.I.C.E.  Seventh  Edition,  revised, 
\vith  Large  Additions  by  U.  K.  Clark,  M.LC.E.      .       .       .  6/6 

Pioneer  Engineering: 

A  I  rea  i;e  on  the  Engiiieei  lng  Operations  connected  with  the  Settlement  of 
\\vste  I  a  ids  m  New  Countries.  By  Edward  Dobson,  M.Lnst.C.E. 
VVith  numerous  Plates.    Second  Edition  ^JQ 

Iron  Bridges  of  Moderate  Span: 

Their  Coiisiruction  and  Erection.  By  Hamilton  W.  Pendred.  With  40 
llkistraiioiis  2/0 

Iron  and  Steel  Bridges  and  Viaducts. 

A  Practical  Treati>e  upun  ilieir  Construction  for  the  use  of  Engineers 
draught  men,  and  Students.  My  Francis  Campin,  C.  E.  With  numerous 
Illustrations   3/6 

Constructional  Iron  and  Steel  Work, 

As  applied  to  Public,  Private,  and  Domestic  BuilJings.  By  Frakcis 
Camhn,  C.E   _  3/6 

Tubular  and  other  Iron  Girder  Bridges. 

Describing  the  Britannia  and  Conway  Tubular  Biijges.  By  G  Drv.sdai  e 
Demi  sey,  C.E.    Fourth  Edition  2/0 

Materials  and  Construction: 

A  Theoretical  and  Practical  Treatise  on  the  Strains,  Designing,  and  Erec- 
tion of  Works  of  Construction.    By  Francis  Campin,  C.E.    .       .  3/O 

Sanitary  Work  in  the  Smaller  Towns  and  in  Villages. 

By  Charles  Slagg,  Assoc.  M.Inst. C.E.    Third  Edition        .       .  3/O 

Roads  and  Streets  (The  Construction  of). 

In  Two  Parts:  1.  The  Art  of  Constructing  Common  Roads,  by  H. 
La\v,  C.E.,  Revised  by  D.  K.  Clark,  C.E.  ;  II.  Recent  Practice:  In- 
cluding Pavements  of  Wood,  Asphalte,  &c.  By  D.  K.  Clark,  C.E.  4/6 

Gas  Works  (The  Construction  of), 

And  the  Manufacture  and  Distribution  of  Coal  Gas.  By  S.  Hughes  C  E 
Re-written  by  William  Richards,  C.E.    Eighth  Edition  '  «5/R 

Water  Works  0  0 

For  the  Supp'y  of  Cities  and  Towns.  With  a  Description  of  the  Principal 
Geological  !< ormations  of  England  as  influencing  Supplies  of  Water.  Bv 
Samuel  Hughes,  F.G.S.,  CK.    Enlarged  Edition  4/0 

The  Power  of  Water, 

M  applied  to  drive  Flour  Mills,  and  to  give  motion  to  Turbines  and  other 
Hydrostatic  Engines.    By  Joseph  Glynn,  F.R.S.    New  Edition  2/0 

Wells  and  Well-Sinking. 

By  John  Geo.  Swindell.  A.R.I.B.A.,  and  G.  R.  Burnell,  C.E.  Revi-ed 
H-dition.  With  a  New  Appendix  on  the  Qualities  of  Water.  Illustrated  2/0 

The  Drainage  of  Lands,  Towns,  and  Buildings. 

^'''D'^^r^'  ^-^-^  H"''^^'^-  '^"'^  '^•■ge  Additions  on  Recent 
Practice,  by  D.  K.  Clark,  M.I.C.E.    Third  Edition      .      .       .  4/6 

The  Blasting  and  Quarrying  of  Stone, 

For  Building  and  other  Purposes.  With  Remarks  on  the  Blowing  up  of 
Briiiges.    By  Gen.  Sir  J.  Burgoyne,  K.C.B  f   1 /g 

Foundations  and  Concrete  Works. 

With  Practical  Remarks  on  Footings,  Planking,  Sand,  Concrete,  Bitor, 
Pile-driving,  Caissons,  and  Cofferdams.  By  E.  DoBSON,  M.R.I.B  A 
fc-ighih  Ldition   '  1/6 
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Pneumatics, 

Including  Acoustics  and  the  Phenomena  of  Wind  Currents,  for  the  Use  of 
Beginners.    By  Charles  Tomlinson,  F.R.S.    Fourth  Edition     .  1/6 

Liand  and  Bngineering  SuFYeying. 

For  Students  and  Practical  Use.  ByT.  Baker,  C.E.  Eighteenth  Edition, 
Revised  and  Extended  by  F.  E.  DixoN,  A.M.  Inst.  C.E.,  Professional  Asso- 
ciate of  the  Institution  of  Surveyors.  VVith  numerous  Illustrations  and  two 
Lithographic  Plates  \Jttst  published  2/0 

Mensuration  and  Measuring. 

For  Students  and  Practical  Use.  VVith  the  Mensuration  and  Levelling  of 
Land  for  the  purposes  of  Modern  Engineering.  By  T.  Baker,  C.E.  New 
Edition  by  E.  Nugent,  C.E  1/6 


MINING  AND  METALLURGY 
Mining  Calculations, 

For  the  use  of  Students  Preparing  for  the  Examinations  for  Colliery 
Managers'  Certificates,  comprising  numerous  Rules  and  Examples  in 
Arithmetic,  Algebra,  and  Mensuration.  By  T.  A.  O'Donahue,  M.E., 
First-Class  Certificated  Colliery  Manager.  [Just published.  3/6 

Mineralogy, 

Rudiments  of.  By  A.  Ramsay,  F.G.S.  Fourth  Edition,  revised  and 
enlarged.    Woodcuts  and  Plates  3/6 

Goal  and  Ooal  Mining, 

A  Rudimentary  Treatise  on.  By  the  late  Sir  Warington  W.  Smyth, 
F.R.S.    Eighth  Edition,  revised  by  T.  FoRSTER  Brown  .      .       .  3/6 

Metallurgy  of  Iron. 

Containing  Methods  of  Assay,  Analyses  of  Iron  Ores,  Processes  of  Manu- 
facture of  Iron  and  Steel,  &c.  By  H.  Bauerman,  F.G.S.  With  numerous 
Illustrations.    Sixth  Edition,  revised  and  enlarged    ....  5/0 

The  Mineral  Surveyor  and  Valuer's  Complete  Guide. 

By  W.  LiNTERN.  Fourth  Edition,  with  an  Appendix  on  Magnetic  and 
Angular  Surveying  3/6 

Slate  and  Slate  Quarrying: 

Scientific,  Practical,  and  Commercial.  By  D.  C.  Davies,  F.G.S.  With 
numerous  Illustrations  and  Folding  Plates.    Fourth  Edition     .       .  3/0 

A  First  Book  of  Mining  and  Quarrying, 

With  the  Sciences  connected  therewith,  for  Primary  Schools  and  Self  In- 
struction.   By  J.  H.  Collins,  F.G.S.    Second  Edition    .       .  .1/6 

Subterraneous  Surveying, 

With  and  without  the  Magnetic  Needle.  By  T.  Fenwick  and  T.  Baker, 
C.E.    Illustrated  2/6 

Mining  Tools. 

Manual  of.  By  William  Morgans,  Lecturer  on  Practical  Mining  at  the 
Bristol  School  of  Mines  2/6 

Mining  Tools,  Atlas 

Of  Engravings  to  Illustrate  the  .above,  containing  235  Illustrations  of  Mining 
Tools,  drawn  to  Scale.    4to  ^IQ 

Physical  Geology, 

Partly  based  on  Major-General  Portlock's  "  Rudiments  of  Geology." 
By  Ralph  Tate,  A.L.S.,  &c.    Woodcuts  2/0 

Historical  Geology, 

Partly  based  on  Major-General  Portlock's  "  Rudiments."  By  Ralph 
Tate,  A.L.S.,  &c.    Woodcuts  2/6 

deology.  Physical  and  Historical. 

Consisting  of  "  Physical  Geology,"  which  sets  forth  the  Leading  Principles 
of  the  Science;  and  "Historical  Geology,"  which  treati  df  the  Mineral 
and  Organic  Conditions  of  the  Earth  at  each  successive  epoch.  By  Ralph 
Tate,  F.G.S   ...  4/6 
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'  MECHANICAL  ENGINEERING. 
The  Workman's  Manual  of  Engineering  Drawing 

By  John  Maxton,  Instructor  in  Engineering  Drawing,  Royal  Nival 
College  Greenwich     Seventh  Edition.    300  Plates  and  Diagrams  .  3/6 

Fuels:  Solid,  Liquid,  and  Gaseous. 

Their  Analysis  and  VaJuation.  For  the  Use  of  Chemists  and  Engineers. 
.  ^.u  V-  F.C.S.,  formerly  Analytical  ard  Consulting  Chemist 

to  the  Great  Eastern  Railway.    Third  Edition   .       .       .       .       .  2/O 

Fuel,  Its  Combustion  and  Economy. 

Consisting  of  an  Abridgment  of  ''A  Treatise  on  the  Combustion  of  Coal  and 
thePrevention  of  Smoke."    By  C.  VV.  Williams,  A.I.C.E.    With  Exten- 
mi.  Additions  by  D.  K  Clark,  M.Inst.C.E.    Fourth  Edition       .  3/6 

The  Boilermaker's  Assistant 

In  Drawing,  J'emplating,  and  Calculating  Boiler  Work,  &c.    Bv  I  Court- 
mu  Boilermaker.    Edited  by  D.  K.  Clark,  cfE.' .  2/0 

The  Boiler-Maker's  Ready  Reckoner, 

With  Examples  of  Practical  Geometry  and  Templating  for  the  Use  of 
Platers,  Snjiths,  and  Riveters.    By  John  Courtney.    Edited  by  D.  K 

Clark,  M.l.C.E.   Fourth  Edition  _ 

*,*  The  last  two  IVorks  in  One  Volume,  kaU-bonnd,  entilled  "  The  IJoiler. 
B^K''cLARK''''^fe'7/o''  """^  -f-  Courtney  and 

Steam  Boilers : 

Their  Construction  and  Management.  By  R.  Armstrong,  C.  E.  Illustrated 

Steam  and  Machinery  Management. 

A  Guide  to  the  Arrangemeiit  and  Economical  Management  of  Machinery. 
By  M.  Powis  Bale,  M.Inst. M  E.      .       .       .  o/e 

Steam  and  the  Steam  Engine,  ...  ^/o 

Stationary  and  Portable.    Being  an  Extension  of  the  Treatise  on  the  Steam 

The  Stiam  En^gin^r  ^'^^-' ^•^^  ^^o-^  Edition  3/6 

Pra«d  M:n"  XTt^^lltc  K^"'^  ^^^^P'",  [SJ 

The  Steam  Engine. 

By  Dr.  Lardner.    Illustrated    ...  « 

liocomotive  Engines,  1/0 

ByG.  D.  Demp.sev,  C.E.  With  large  Additions  treating  of  the  Modern 
Locomotive,  by  D.  K.  Clark,  M.Inst. C.E.  -s/rj 

Liocomotive  Engine-Driving.  ...  o/u 

A  Practical  Manual  for  Engineers  in  charge  of  Locomotive  Engines  Bv 
Michael  Reynolds.    Tenth  Edition.    3^.  td.  limp  ;  cloth  boards  .  4./6 

Stationary  Engine-Driving. 

A  Practical  Manual  for  Engineers  in  charge  of  Stationary  Entwines  Bv 
rru      a^I^l"-  ^E^NOLDS^    Sixth  Edition.    3^.  6J.  limp  ;  cloth  boards  .  4/6 

The  Smithy  and  Forge. 

Including  the  Farrier's  Art  and  Coach  Smithing.  By  W.  I.  E  Crank 
rourlh  Edition  ...  O IR 

Modern  Workshop  Practice, ' 

As  applied  to  Marine,  Land,  and  Locomotive  Engines,  Floating  Docks 
Dredging  Machines,  Bridges,  Ship-building,  &c.  By  J.  G,  Winton' 
fourth  Edition,  Illustrated  .... 

Mechanical  Engineering. 

Comprising  Metallurgy  Moulding,  Casting,  Forging,  Tools,  Workshop 
Machinery,  Mechanical  Manipulation,  Manufacture  of  the  Steam  Engine 
&c.    By  Francis  Campin,  C.E.  Third  Edition       .  OIR 

Details  of  Machinery.  '  '° 

Comprising  Instructions  for  the  Execution  of  various  Works  in  Iron  in  the 
fitting-Shop,  Foundry,  and  Boiler- Yard.  By  Francis  Campin,  C.E.  3/0 
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Elementary  Engineering: 

A  Manual  for  Young  Marine  Kngineers  and  Apprentices.  In  the  Form  of 
Questions  and  Answers  on  Metals,  Alloys,  Strength  of  Materials,  &c. 
By  J.  S.  Brewkr.    Fourth  Edition  1/6 

Power  in  Motion : 

Horse-power  Motion,  Toothed-Wheel  Gearing,  Long  and  Short  Driving 
Bands,  Angular  Forces,  &c.   By  James  Armouk,  C.E.  Third  Edition  2/0 

Iron  and  Heat, 

Exhibiting  the  Principles  concerned  in  the  Construction  of  Iron  Beams, 
Pillars,  and  Girders.    By  J.  Armour,  C.E  2/6 

Practical  Mechanism, 

And  Machine  Tools.  By  T.  Baker,  C.E.  With  Remarks  on  Tools  and 
IMachinery,  by  J.  Nasmvth,  C.E  2/6 

Mechanics : 

Being  a  concise  Exposition  of  the  General  Principles  of  Mechanical  Science, 
and  their  Applications.    By  Charles  Tomlinson,  F.R.S.      .  .1/6 

Cranes  (The  Construction  of), 

And  other  Machinery  for  Raising  Heavy  Bodies  for  the  Erection  of  Build- 
ings, &c.    By  Joseph  Glynn,  F.R.S  1/6 


NAVIGATION,   SHIPBUILDING,  ETC. 
The  Sailor's  Sea  Book: 

A  Rudimentary  Treatise  on  Navigation.  By  James  Greenwood,  B.A. 
With  numerous  Woodcuts  and  Coloured  Plates.  New  and  enlarged 
Edition.    By  W.  H.  Rosser  2/6 

Practical  Navigation. 

Consisting  of  The  Sailor's  Sea-Book,  by  James  Greenvv-ood  and  W.  H. 
Rosser  ;  together  with  INIathematical  and  Nautical  Tables  for  the  Working 
of  the  Probfems,  by  Henry  Law,  C.E.,  and  Prof.  J.  R.  Young.  7/0 

Navigation  and  Nautical  Astronomy, 

In  Theory  and  Practice,    by  Prof.  J.  R.  Young.    New  Edition.  2/6 

Mathematical  Tables, 

For  Trigonometrical,  Astronomical,  and  Nautical  Calculations  ;  to  which  is 
prefixed  a  Treatise  on  Logarithms.  By  H.  Law,  C.E.  Together  with  a 
Series  of  Tables  for  Navigation  and  Nautical  Astronomy.  By  Professor  J. 
R.  Young.    New  Ed:-tion  4/0 

Masting,  Mast-Making,  and  Rigging  of  Ships. 

Also  Tables  of  Spars,  Rigging,  Blocks;  Chain,  Wire,  and  Hemp  Ropes, 
&c.,  relative  to  every  class  of  vessels.    By  Robert  Kipping,  N.  A.  .  2/0 

Sails  and  Sail-Making. 

With  Draughting,  and  the  Centre  of  Effort  of  the  Sails.  By  Robert 
Kipping,  N.A  2/6 

Marine  Engines  and  Steam  Vessels. 

By  R.  Murray,  C.E.  Eighth  Edition,  thoioughly  revised,  with  Addi- 
tions by  the  Author  and  by  George  Carlisle,  C.E.       .      .       .  4/6 

Naval  Architecture : 

An  Exposition  of  Elementary  Principles.    By  Ja.mes  Peake    .       .  3/6 

Ships  for  Ocean  and  River  Service, 

Principles  of  the  Construction  of.    By  Hakon  A.  Sommerfeldt  .  1/6 

Atlas  of  Engravings 

To  Illustrate  the  above.  Twelve  large  folding  Plates.  Royal  4to,  cloth  T/6 

The  Forms  of  Ships  and  Boats.  ' 

By  W.  Bland.  Ninth  Edition,  with  numerous  Illustrations  and 
Models  1/6 
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ARCHITECTURE  AND  THE 

BUILDING  ARTS. 
Constructional  Iron  and  Steel  Work, 

As  applied  to  Public,  Private,  and  Domestic   liuildings.    By  Francis 

0  AM  PIN,  C.  E,  Q /S* 

Building  Estates : 

a  Treatise  on  the  Development,  Sale,  Purchase,  and  Management  of  Build- 
ing Land.    By  F.  Maitland.    Third  Edition  2/0 

The  Science  of  Building  : 

An  Elementary  Treatise  on  the  Principles  of  Construction.  Bv  E.  Wvnd- 
HAM  Tarn,  M.A.  Lond.    Fourth  Edition  ......  3/5 

The  Art  of  Building : 

General  Principles  of  Construction,  Strength,  and  Use  of  Materials,  Working 
Urawings,  Specifications,  &c.    By  Edward  Dobson,  M.R.I.  B.A.  .  2/0 

A  Book  on  Building, 

Civil  and  Ecclesiastical.  By  Sir  Edmund  Beckett,  O.C.  (Lord  Grim- 
THORPE).    Second  Edition   .       .  4/6 

Dwelling-Houses  (The  Erection  of), 

Illustrated  by  a  Perspective  View,  Plans,  and  Sections  of  a  Pair  of  Villas  with 
Specification,  Quantities,  and  Estimates.  By  S.  H.  Brooks,  Architect  '2/6 

Cottage  Building. 

By  C.  Bruck  Allen.  Eleventh  Edition,  with  Chapter  on  Economic  Cot- 
tages for  Allotments,  by  E.  E.  Allen,  C.E  2/O 

Acoustics  in  Relation  to  Architecture  and  Building: 

The  Laws  of  Sound  as  applied  to  the  Arrangement  of  Buildings  Bi'  Pro- 
lessor  T.  RoGRR  Smith,  K.R.LB.A.    New  Edition,  Revised  .  '  .^1/6 

The  Rudiments  of  Practical  Bricklaying. 

General  Priiiciples  of  Bricklaying ;  Arch  Drawing,  Cutting,  and  Setting; 
Pointing;  Paving,  liling,  &c.    By  Adam  Hammo.\d.    With  68  Woodcuts 

The  Art  of  Practical  Brick  Cutting  and  Setting.  ^'^ 

By  Adam  Hammond.    With  90  Engravings     .       .       .  -.1/6 

Brickwork  : 

A  Practical  Treatise,  embodying  the  General  and  Higher  Principles  of 
Bricklaying,  Cutting  and  Setting  ;  wilh  the  Application  of  Geometry  to  Roof 

1  uing,  6£c.    By  F.  Walker  -1/6 

Bricks  and  Tiles, 

Rudimentary  Treatise  on  the  Manufacture  of ;  containing  an  Outline  of  the 
Principles  of  Brickmaking.  By  E.  Dobson,  M.R.LB.A.  Additions  by 
C.  loMLiNSON,  F.R.S.  Illustrated  

The  Practical  Brick  and  Tile  Book. 

Comprising:  Brick  and  Tile  Making,  l.y  E.  Dobson,  M.Inst  C.E- 
Practical  Bricklaying,  by  A.  Hammond;  Bkick-cutting  and  Setting' 
by  A.  Hammond.    550  pp.  with  270  lUustratious,  half-bound   .       .  Q/O 

Carpentry  and  Joinery — 

w''T'''7^^'''^'^''*i;'^^  °^  Carpentry.  Chiefly  composed  from  the 
Standard  Work  of  Thomas  Tredgold,  C.E.  With  Additions,  and  Treatisb 
on  Joinery,  by  E.  W.  Tarn,  M.A.    Seventh  Edition     .      .      .  3/6 

Carpentry  and  Joinery — Atlas 

Of  35  Plates  to  accompany  and  Illustrate  the  foregoing  book.  With 
Descriptive  Letteroress.    410       .       .  .       .  ^ 
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A  Practical  Treatise  on  Handrailing ; 

Showing  New  and  Simple  Methods.  By  Geo.  Colli ngs.  Second  Edition, 
Kevised,  including  a  Treatise  on  Stairbuilding.    With  Plates  .  2/6 

Circular  Work  in  Carpentry  and  Joinery. 

A  Practical  Treatise  on  Circular  Work  of  Single  and  Double  Curvature. 
By  George  CoLLiNGS.    Third  Edition  2/6 

Roof  Carpentry :  .  ,„  , 

Practical  Lessons  in  the  Framing  of  Wood  Roofs.  For  the  Use  of  Working 
Carpenters.     By  Geo.  Collings  2/0 

The  Construction  of  Roofs  of  Wood  and  Iron; 

Deduced  chiefly  from  the  Works  of  Robison,  Tredgold,  and  Humber.  By 
E.  WvNDHAM  Tarn,  M.A.,  Architect.    Third  Edition    .       .  .1/6 

The  Joints  Made  and  Used  by  Builders. 

By  Wyvill  J.  Christy,  Architect.    With  i6o  Woodcuts       .       •  3/0 

Shoring  „  ^ 

And  its  Application  :  A  Handbook  for  the  Use  of  Students.  By  Oeorgk 
H.  Blagrove.    With  31  Illustrations  1/6 

The   Timber  Importer's,   Timber   Merchant's,  and 
Builder's  Standard  Guide. 

By  R.  E.  Grandy  2/0 

Plumbing:  _    ,  , 

A  Text-Book  to  the  Practice  of  the  Art  cr  Craft  of  the  Plumber.  With 
Chapters  upon  House  Drainage  and  Ventilation.  Bv  \Vm.  Paton  Bucha^ 
Eighth  Edition,  Re-written  and  Enlar.jed,  with  500  Illustrations      .  3/6 

Ventilation :  ^    ,        ^  _ 

A  Text  Book  to  the  Practice  of  the  Art  of  Ventilating  Buildings.  By 
Bu»HAN,  R.P.,  Author  of  "  Plumbing,"  &c.    W  iili  170  H.uslrations  3/6 

The  Practical  Plasterer: 

A  Compendium  of  Plain  and  Ornamental  Plaster  W  ork.  By  W.  Kemp  2/0 

House  Painting,  Graining,  Marbling,  &  Sign  Writing. 

With  a  Course  of  Elementary  Drawing,  and  a  CoUettiuP  of  Useful  Receipts. 
By  Ellis  A.  Davidson.    Eighth  Edition.    Coli  ured  Plates   .       .  o/O 
*»*  The  above,  in  cloth  boards,  strongly  bound,  6/0 

A  Grammar  of  Colouring,  ^  ^ 

Applied  to  Decoralive  Painting  and  the  Arts.  By  George  Field.  New 
Edition,  enlarged,  by  EllIS  A.  Davidscn.    With  Coloured  Plaies  .  3/0 

Elementary  Decoration 

Asapplied  to  Dwelling  Houses, &c.  By  James  W.  Facey.  Illustrated  2/0 

Practical  House  Decoration. 

A  Guide  to  the  Art  of  Ornamental  Painting,  the  Arrangement  of  Colours  in 
Apartments,  and  the  Principles  of  Decorative  Design.   By  James  W  .  !■  acey 

♦  *  The  last  two  Works  in  One  handsome  Vol.,  haU-bound,  entitled  "  House 
*  Decoration,  ELi^MicNTAiiv  and  Practical," /r/V*- 5/0- 

Portland  Cement  for  Users. 

By  Henry  Faija,  A.M. Inst.C.E.     1  bird  Edition,  Corrected  .       .  *J/U 

Limes,  Cements,  Mortars,  Concretes,  Mastics,  Plas- 
tering, &c. 

By  G.  R.  Burnell   C.E.    Fifteenth  Edition  ....  I/O 
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Masonry  and  Stone-Cutting. 

The  Principles  of  Masonic  Projection  and  their  application  to  Construction 
By  Edward  DoBSON,  M.R.I. B. A  2/6 

Arches,  Piers,  Buttresses,  &c. : 

Experimental  Essays  on  the  Principles  of  Construction.     By  W.  Bland. 

1  /6 

Quantities  and  Measurements, 

In  Bricklayers',  Masons',  Plasterers',  Plumbers',  Painters',  Paperhangers', 
Gilders  ,  Smiths',  Carpenters'  and  Joiners'  Work.  By  A.  C.  Beaton    1  /6 

The  Complete  Measurer: 

Setting  forth  the  Measurement  of  Boards,  Glass,  Timber  and  Stone.  By  R. 
HoRTON.    Sixth  Edition  ^jq 

*•*  ^'/'^  aiove,  strongly  bound  in  leather,  price  5/0 

Light: 

An  Introduction  to  the  Science  of  Optics.  Designed  for  the  Use  of  Students 
of  Architecture,  Eugineerini^,  and  other  Applied  Sciences.  By  E  Wvnd- 
HAM  Tarn,  M.  A.,  Author  of  "  The  Sjience  of  Building,"  &c.  .       .1  /6 

Hints  to  Young  Architects. 

By  George  Wightwick,  Architect.  Sixth  Edition,  revised  and  enlarged 
by  G.  HusKissoN  Gi;illaume,  Architect  3/Q 

Architecture— Orders : 

The  Orders  and  their  Esthetic  Principles.   By  W.  H.  Leeds.  Illustrated. 

Architecture— Styles  :  ^ 

The  History  and  Description  of  the  Styles  of  Architecture  of  Various 
Countries  from  the  Earliest  to  the  Present  Period.  By  T.  Talbot  Bury, 
r.K.l.B.A.    Illustrated   2/0 

*s*  Orders  and  Styles  of  Akchitecture,  in  One  Vol.,  3/6. 

Architecture — Design : 

The  Principles  of  Design  in  Architecture,  as  deducible  from  Nature  and 
exemplified  in  the  Works  of  the  Greek  and  Gothic  Architects.  Bv  Edw 
Lacy  Garbett,  Architect.  Illustraied 


2/6 

***  '^^J^^'-^^P'-ececiing;  IVorks  in  One  handsome  Vol.,  Iialf  bound,  entitled 
Modern  Archi TECTURE,"/r2V^  6/0- 

Perspective  for  Beginners. 

Adapted  to  Young  Students  and  Amateurs  iu  Architecture,  Paintine  &r 
cy  George  Pvne   2/0 

Architectural  Modelling  in  Paper. 

By  T.  A.  Richardson.    Wiih  lilustrations,  engraved  by  O.  Jewitt    \  /Q 

Glass  Staining,  and  the  Art  of  Painting  on  Glass. 

From  the  German  of  Dr.  Gessert  and  Emanl  el  Otto  From  berg  Wi'th 
an  Appendix  on  The  Art  of  Enamelling  '  2/6 

Yitruvius— The  Architecture  of. 

i"Tj'rc  ^"^u  "-.  '^''■■jpslated  from  the  Latin  by  Joseph  Gwilt,  F.S.A  . 
li.K.A.S.    W  ith  23  Plates   gyQ* 

N.B.  —  This  is  the  only  Edition  <7/VrrRUvius  /•rocurable  at  a  moderate  firice. 

Grecian  Architecture, 

An  Inquiry  into  the  Principles  of  Beauty  in.  With  an  Historical  View  of  the 
Kise  and  Progress  of  the  Art  in  Greece.   By  the  Earl  of  Aberdeen     1  /Q 
The  two  preceding  IV orks  in  One  handsome  Vol.,  half  bound,  entitled 
"Ancient  Architecture," /S?-/^^  6/0. 
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INDUSTRIAL  AND   USEFUL  ARTS. 
Cements,  Pastes,  Glues,  and  Gums. 

A  Guide  to  the  Manufacture  and  Application  of  Agglutinants.  With  900 
Recipes  and  Formula;.    By  H.  C.  Standage  2/0 

Clocks  and  Watches,  and  Bells, 

A  Rudimentary  Treatise  on.  By  Sir  Edmund  Beckett,  Q.C.  (Lord 
Grimthor-pk).    Seventh  Edition   .  4/6 

Electro-Metallurgy, 

Practically  Treated.  By  Alexander  Watt.  Tenth  Edition,  enlarged 
and  revised  including  the  most  Recent  Processes      ....  3/6 

The  Goldsmith's  Handbook. 

Containing  full  Instructions  in  the  Art  of  Alloying,  Melting,  Reducing, 
Colouring,  Collecting  and  Refining,  Recovery  of  Waste,  Solders,  Enamels, 
&c.,  &c.    By  George  E.  Gee.    Fifth  Edition  3/0 

The  Silversmith's  Handbook, 

On  the  same  plan  as  the  Goldsmith's  Handbook.   By  G.  E.  Gek.  3/0 
*»*  The  iasi  two  ll^orks,  in  One  handsome  Vol.,  half-bound,  7/0- 

The  Hall-Marking  of  Jewellery. 

Comprising  an  account  of  all  the  different  Assay  Towns  of  the  United 
Kingdom ;  with  the  Stamps  and  Laws  relating  to  the  Standards  and  Hall 
Marks  at  the  various  Assay  Offices.    By  Georob  E.  Gee        .       .  3/0 

French  Polishing  and  Enamelling. 

A  Practical  Work  of  Instruction,  including  numerous  Recipes  for  making 
Polishes,  Varnishes,  Glaze-Lacquers,  &c.    By  R.  BiTmead      .  -1/6 

Practical  Organ  Building. 

By  W.  E.  Dickson,  M.A.    Second  Edition,  Revised,  with  Additions  2/6 

Coach-Building : 

A  Practical  Treatise.   By  James  W.  BuRGESS.   With  57  Illustrations  2/6 

The  Cabinet  Maker's  Guide 

To  the  Entire  Construction  of  Cabinet  Work.    By  R.  Bitmead       .  2/6 

The  Brass  Founder's  Manual: 

Instructions  for  Modelling,  Pattern  Making,  &c.    By  W.  Graham  .  2/0 

The  Sheet-Metal  Worker's  Guide. 

A  Practical  Handbook  for  Tinsmiths,  Coppersmiths,  Zincworkers,  &c.,  with 
46  Diagrams.    By  W.  J.  E.  Crane.    'I'hird  Edition,  revised    .  .1/6 

Sewing  Machinery: 

Its  Construction,  History,  &c.  With  full  Technical  Directions  for  Adjust- 
ing, &c.    By  J.  W.  Urquhart,  C.E  2/0 

Gas  Fitting: 

A  Practical  Handbook.    By  John  Black.    New  Edition        .       .  2/6 

Construction  of  Door  Locks. 

From  the  Papers  of  A.  C.  Hobbs.    Edited  by  C.  Tomlinson,  F.R.S.  2/6 

The   Model    Locomotive   Engineer,   Fireman,  and 
Engin3-Boy. 

By  Michael  Reynolds  ,      .       •  3/6 

The  Art  of  Letter  Painting  made  Easy. 

By  J.  G.  Bauenoch.    With  12  full-page  Engravings  of  Examples  .  1/6 

The  Art  of  Boot  and  Shoemaking. 

Including  Measurement,  Last-fitting,  Cutting-out,  Closing  and  Making.  By 
John  Bkuford  Leno.    With  numerous  Illustrations.  Fourth  Edition  2/0 

Mechanical  Dentistry :  .      .  , 

A  Practical  Treatise  on  the  Construction  of  the  Various  Kinds  of  Artificial 
Dentures.    By  Charles  Hunter.    Fourth  Edition      .        .       .  3/0 

Wood  Engraving : 

A  Practical  an.i  Easy  Introduction  to  the  Art.    By  W.  N.  Brown   .     \  /» 

Laundry  Management. 

A  Handbook  for  Use  in  Private  and  Public  Laundries       .       .       .  2/0 
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AGRICULTURE,  GARDENING,  ETC.  , 
Draining  and  Embanking: 

A  Practical  Treatise.    I'.y  Prof.  John  Scott.    With  68  Illustrations    1  /&. 

Irrigation  and  Water  Supply: 

A  Practical  Treatise  on  Water  Meadows,  .Sewage  Irrigation,  Warping,  &r  • 
on  the  Consiruction  of  Wells,  Ponds,  Reservoirs,  &c.  Hv  Prof  Iohn 
bcoTT.    With  34  Illustrations   .1/6 

Farm  Roads,  Fences,  and  Gates: 

A  Practical  Treatise  on  the  Roads,  Tramways,  and  Waterways  of  the- 
!■  arm  ;  the  Principles  of  Enclosures ;  and  the  different  kinds  of  Fences. 
Oates,  and  Stiles.    By  Prof.  John  Scott.    With  75  Illustrations    .     1  /& 

Farm  Buildings : 

A  Practical  Treatise  on  the  liuildin-s  necessary  for  various  kinds  of  Farms, 
their  Arrangement  and  Construction,  with  Plans  and  Estimates.  Bv  Prof 
John  Scott.    With  105  Illustrations  ;  2/(> 

Barn  Implements  and  Machines : 

Treating  of  the  Application  of  Power  and  Machines  used  in  the  Threshine- 
barn,  Stockyard,  Dairy,  &c.    By  Prof.  J.  Scott.    With  123  lllustratioul 

Field  Implements  and  Machines: 

With  Principles  and  Details  of  Construction  and  Points  of  Excellence  their 
Management,  (kc.    By  Prof.  John  Scott.    With  138  Illustrations  2/a 

Agricultural  Surveying: 

A  Treatise  on  Land  Surveying,  Levelling,  and  Setting-out  ;  with  Directions 
for  Valuing  Estates.    By  Pi  of.  J.  Scott.    With  62  Illustrations      .     1  /6 

Farm  Engineering, 

By  Professor  John  Scott.  Comprising  th-^  above  Seven  Volumes  in  One 
1,150  pages,  and  over  600  Illustrations.    Half-bound      .       .       .  12/0' 

Outlines  of  Farm  Management. 

Treating  of  the  General  Work  of  the  Farm;  Stock;  Contract  Work; 
Labour,  &c.    By  R.  Scott  Burn  2/6 

Outlines  of  Landed  Estates  Management. 

Treating  of  the  Varieties  of  Lands,  Methods  of  Fanning,  Setting-out  of 
farms,  Roads,  Fences,  Gates,  Drainage,  &c.    By  R.  Scott  Burn  .  2/S 
*»*  T/ie  above  Two  Vols,  in  One,  liandsotiieiy  half-bound,  price  6/0 

Soils,  Manures,  and  Crops. 

(Vol.  I.  Outlines  of  Modekn  Farming.)    liy  R.  Scott  Burn  .  2/0 

Farming  and  Farming  Economy. 

(Vol.  II.  Outlines  op  Modern  Farming.)    By  R.  Scott  Burn  3/0 

Stock :  Cattle,  Sheep,  and  Horses. 

(Vol.  III.  Outlines  ok  Modern  Farming.)     By  R.  Scott  Burn  2/6 

Dairy,  Pigs,  and  Poultry. 

(VoL  IV.  Outlines  of  Modern  Farming.)    By  R.  Scott  Burn  2/0 

Utilization  of  Sewage,  Irrigation,  and  Reclamation 
of  Waste  Land. 

(Vol.  V.  Outlines  of  Modern  Farming.)  By  R.  Scott  Burn  .  2/6 

Outlines  of  Modern  Farming. 

By  R.  Scott  Burn.  Consisting  of  the  above  Five  Volumes  in  One 
1,250  pp.,  profusely  Illustrated,  half-bound     .  .       .  1  2/0 
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Book-keeping  for  Farmers  and  Estate  Owners. 

A  Practical  Treatise,  presenting,  in  Three  Plans,  a  System  adapted  for  all 
classes  of  Farms.    By  J.  IM.  Woodman.    Third  Edition,  revised     .  2/6 

Ready  Reckoner  for  the  Admeasurement  of  Land. 

By  A.  Arman.   Fourth  Edition,  revised  and  extended  by  C.  NoRRiS  2/0 

Miller's,    Corn    Merchant's,    and    Farmer's  Ready 
Reckoner. 

Second  Edition,  revised,  with  a  Price  List  of  Modern  Flour  MillMachinery, 
by  W.  S.  HuTTON,  C.E  2/0 

The  Hay  and  Straw  Measurer. 

New  Tables  for  the  Use  of  Auctioneers,  Valuers,  Farmers,  Hay  and  Straw 
Dealers,  &c.    By  John  Steele  2/0 

Meat  Production. 

A  Manual  for  Producers,  Distributors,  and  Consumers  of  Butchers'  Meat. 
By  John  Ewakt  2/6 

Sheep : 

The  History,  Structure,  Economy,  and  Diseases  of.  By  W.  C.  Spooner, 
M.R.V.S.    Fifth  Edition,  with  fine  Engravings  3/6 

Market  and  Kitchen  Gardening. 

By  C.  W.  Shaw,  late  Editor  of  "Gardening  Illustrated"  .       .       .  3/0 

Kitchen  Gardening  Made  Easy. 

Showing  the  best  means  of  Cultivating  every  known  Vegetable  and  Herb, 
&c.,  with  directions  for  management  all  the  year  round.  By  George  M.  F. 
Glenny.    Illustrated  1/6 

Cottage  Gardening: 

Or  Flowers,  Fruits,  and  Vegetables  for  Small  Gardens.    By  E.  Hobday. 

1/6 

Garden  Receipts. 

Edited  by  Charles  W.  Quin  1/6 

Fruit  Trees, 

The  Scientific  and  Profitable  Culture  of.  From  the  French  of  M.  Du 
Breuil.  Fifth  Edition,  carefully  Revised  by  George  Glenny.  With 
187  Woodcuts   3/6 

The  Tree  Planter  and  Plant  Propagator : 

With  numerous  Illustrations  of  Grafting,  Layering,  Budding,  Implements, 
Houses,  Pits,  &c.    By  Samuel  Wood  2/0 

The  Tree  Pruner : 

A  Practical  Manual  on  the  Pruning  of  Fruit  Trees,  Shrubs,  Climbers,  and 
Flowering  Plants.  With  numerous  Illustrations.   By  Samuel  Wood    1  /6 

•»*  The  above  Two  Vols,  in  One,  handsomely  half-bound,  price  3/6. 

The  Art  of  Grafting  and  Budding. 

By  Charles  Baltet.    With  Illustrations  .      .       ,  ,,  .    .  2/6 
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MATHEMATICS,  ARITHMETIC,  ETC. 
Descriptive  Geometry, 

An  Elementary  'J'reatise  on  ;  with  a  Theory  of  Shadows  and  of  Perspective 
extracted  from  the  French  of  G.  Monge.  To  which  is  added  a  Descriptioii 
of  the  Principles  and  Practice  of  Isometrical  Projection.  By  J.  F.  Heather 
M.A.    With  14  Plates  2/0 

Practical  Plane  Geometry: 

Giving  the  Simplest  Modes  of  Constructing  Figures  contained  in  one  Plane 
and  Geometrical  Construction  of  the  Ground.  By  F.  Heather,  M.A. 
With  215  Woodcuts  2/0 

Analytical  Geometry  and  Conic  Sections, 

A  Rudimentary  Treatise  on.  By  Jamf.s  Hann.  A  New  Edition,  re- 
written and  enlarged  by  Professor  J.  R.  Yol;ng        ....    2.  0 

Euclid  (The  Elements  of). 

With  many  Additional  Propositions  and  Explanatory  Notes ;  to  which  is 
prefixed  an  Introductory  Essay  on  Logic.    By  Henry  Law,  C.E.  .  2/6 

So/ii  a/so  se/iarntelv,  viz: — 
Euclid.    The  First  Three  Books.    By  He.nuv  Law,  C.E.    .       .  -1/6 
Euclid.    Books  4,  5,  6,  II,  12.    By  Henkv  Law,  C.E.    .      •  .1/6 

Plane  Trigonometry, 

The  Elements  of.    By  James  Hann.        .      .      .      ,      ,  .1/6 

Spherical  Trigonometry, 

I'he  Elements  of.  By  Ja.mes  Hank.  Revised  by  Chari.es  H.  Dow- 
ling,  C.E.  iQ 

*»*  Orivnk  "  The  Elements  of  Plaiie  Tn^onoiuetry"  in  One  Volume,  2  6 

Differential  Calculus, 

Elements  of  the.    By  W.  S.  B.  Woolhouse,  F.R.A.S.,  &c.      .  -1/6 

Integral  Calculus. 

By  Homersham  Cox,  B.A.  ^  yg 

Algebra, 

The  Elements  of.  By  James  Haddon,  M.A.  With  Appendix,  containing 
Miscellaneous  Investigations,  and  a  Collection  of  Problems       .       .  2/0 

A  Key  and  Companion  to  the  Above. 

An  extensive  Repository  of  Solved  Examples  and  Problems  in  Algebra. 
By  J.  R.  Young  ^1/6 

Commercial  Book-keeping. 

With  Commercial  Phrases  and  Forms  in  English,  French,  Italian,  and 
German.    By  James  Haddon,  M..A  \  IQ 

Arithmetic, 

A  Rudimentary  Treatise  on.  With  full  Explanations  of  its  Theoretical 
Principles,  and  numerous  Examples  for  J'ractice.  For  the  Use  of  Schools 
and  (or  Self-Instruction.  By  J.  R.  Ydlwg,  late  Professor  of  Mathematics 
in  Belfast  College.    '1  hirteenth  Edition  ■] /Q 

A  Key  to  the  Above. 

By  J.  R.  Young  1/6 

Equational  Arithmetic, 

Applied  to  Questions  of  Interest,  Annuities,  Life  Assurance,  and  General 
Co  nmerce  ;  with  various  Tables  by  which  all  Calculations  may  be  greatly 
facilitated.    By  W.  Hu'sley  1 /Q 

Arithmetic, 

Rudimentary,  for  the  Use  of  Schools  and  Self-Instruction.  By  James 
Haudom,  M.A.    Revised  by  Aukauam  Arman       .       .       .  .1/6 

A  Key  to  the  Above. 

By  A.  Arm   f  /Q 
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Mathematical  Instruments: 

Their  Construciion,  Adjustment,  Testing,  and  Use  concisely  Explained. 
By  J.  F.  Hea'iheh,  M.A.,  of  the  Royal  Military  Academy,  Woolwich. 
Fourteenth  Edition,  Revised,  with  Additions,  by  A.  T.  Walmislev, 
M.I.C.E.    Orisinal  Edition,  in  I  vol..  Illustrated      ....  2/0 

\*  In  ordering  the  above,  be  careful  to  say  ^'Original  Edition"  or  give  the 
numl<er  in  the  Series  (32),  to  distinguish  it  fiom  the  Enlarged  Edition  in 
3  vols,  (as  follows) — 

Drawing  and  Measuring  Instruments. 

Including — I.  Instruments  employed  in  Geometrical  and  Mechanical  Draw- 
ing, and  in  the  Construction,  Copying,  and  Measurement  of  Maps  and 
Plans.  II.  Instruments  used  for  the  purposes  of  Accurate  Measurement, 
and  for  Aritlimetical  Computations.    By  J.  F.  Heather,  M.A.     .      1  /S 

Optical  Instruments. 

Including  (more  especially)  Telescopes,  Microscopes,  and  Apparatus  for 
producing  copies  of  Maps  and  Pians  by  Photography.  By  J.  F.  Hkather, 
M.A.    Illustrated  1  /& 

Surveying  and  Astronomical  Instruments. 

Including — I.  Instruments  used  for  Determining  the  Geometrical  Features 
of  a  portion  of  Ground.    II.  Instruments  employed  in  Astronomical  Ob- 
servations.   By  J.  F.  Heather,  M.A.    Illustrated.       .      .       .  1/& 
*»*  The  abo7'e  three  volumes  form  an  enlargement  of  the  Author's  original  "work, 
"Mathematical  Instruments,"  price  2I0-    (.Described  at  top  0/  /age.) 

Mathematical  Instruments : 

Their  Construction,  Adjustment,  Testing  and  Use.  Comprising  Drawing,, 
Measuring,  Optical,  Surveying,  and  Astronomical  Instruments.  By  J.  F. 
Heather,  M.A.  Enlarged  Edition,  for  the  most  part  entirely  re-written. 
The  Three  Parts  as  above,  in  One  thick  Volume.        ....  4IQ< 

The  Slide  Rule,  and  How  to  Use  It. 

Containing  full,  easy,  and  simple  Instructions  to  perform  all  Business  Cal- 
culations with  unexampled  rapidity  and  accuracy.  By  Charles  Hoare, 
C.E.    With  a  Slide  Rule,  in  tuck  of  cover.    Seventh  Edition    .       .  2/6 

Logarithms. 

With  Mathematical  Tab'es  for  Trigonometrical,  Astronomical,  and  Nautical 
Calculations.    By  Henkv  Law,  C. E.    Revised  Edition    .       .       .  3/0* 

Compound  Interest  and  Annuities  (Theory  of). 

With  Tables  of  Logarittims  for  the  more  Difficult  Computations  of  Interest, 
Discount,  Annuities,  &c.,  in  all  their  Applications  and  Uses  for  Mercantile- 
and  State  Purposes.    By  Fedor  Thoman,  Paris.    Fourth  Edition   .  4/0 

Mathematical  Tables, 

Eor  Trigonometrical,  Astronomical,  and  Nautical  Calculations  ;  to  which  is 
prefixed  a  Treatise  on  Logarithms.  By  H.  Law,  C.E.  Together  with  a. 
Series  of  Tables  for  Navigation  and  Nautical  Astronomy.  By  Professor  J. 
R.  Young.    New  Edition  4/0* 

Mathematics, 

As  applied  to  the  Constructive  Arts.  By  Francis  Camfik,  C.E.,  &c. 
Third  Edition  3/0- 

Astronomy. 

By  the  late  Rev.  Robert  Main,  F.R.S.  Third  Edition,  revised  and  cor- 
rected to  the  Present  Time.    By  W.  T.  Lynn,  F.R.A.S.    .      .       .  2/0- 

Statics  and  Dynamics, 

The  Principles  and  Practice  of.  Embracing  also  a  clear  development  of 
Hydrostatics,  Hydrodynamics,  and  Central  Forces.  By  T.  Baker,  C.E. 
Fourth  Edition   ...    1  /6» 


14    weale's  scientific  and  technical  series. 


BOOKS   OF  REFERENCE  AND 

MISCELLANEOUS  VOLUMES. 

&  Dictionary  of  Painters,  and  Handbook  for  Picture 
Amateurs. 

Being  a  Guide  for  Visitors  to  Public  and  Private  Picture  Galleries,  and  for 
Art-Students,  including  Glossary  of  'lerms,  Sketch  of  Principal  Schools  of 
Painting,  &c.    By  Philippe  Darvl,  B.A.  2/6 

Painting  Popularly  Explained. 

By  'P.  J.  GuLi.iCK,  Painter,  and  John  Times,  F.S.A.  Including  Fresco 
Oil,  Mosaic,  Water  Colour,  Water-Glass,  Tempera  Encaustic,  Miniature' 
Painting  on  Ivory,  Vellum,  Pottery,  Enamel,  Glass,  &c.  Sixth  Edition  5/0 

fl.  Dictionary  of  Terms  used  in  Architecture,  Build- 
ing, Engineering,  Mining,  Metallurgy,  Archae- 
ology, the  Fine  Arts,  &c. 

By  John  Weale.    Sixth  Edition.    Edited  by  R.  Hunt,  F.R.S.    ,  5/0 

Music : 

A  Rudimentary  and  Practical  Treatise.  With  numerous  Examples.  By 
Chakles  Child  Spencer  2/6 

Pianoforte, 

The  Art  of  Playing  the.  With  numerous  Exercises  and  Lessons.  By 
Charles  Child  Spencer  1 1S 

The  House  Manager. 

A  Guide  to  Housekeeping,  Cookery,  Pickling  and  Preserving,  Household 
Work,  Dairy  Management,  Cellarage  of  Wines,  Home-brewing  and  Wine- 
making,  Gardening,  &c.    By  An  Old  Housekeeper      .      .  3IQ 

Manual  of  Domestic  Medicine. 

By  R.  GoODiN-;,  M.D.  Intended  as  a  Family  Guide  in  all  cases  of 
Accident  and  Emergency.    Third  Edition,  carefully  revised     .       .  2/0 

Management  of  Health. 

A  Manual  of  Home  and  Personal  Hygiene.    By  Rev.  James  Baird    f  /Q 

Natural  Philosophy, 

For  the  Use  of  Beginners.    By  Charles  Tomlinson,  F.R.S.  .       .  1/6 

The  Elementary  Principles  of  Electric  Lighting. 

By  Alan  A.  Campbell  Swinton,  M.Lnst.C.E.,  M.I.E.K.  Fourth 
Edition,  Revised  [/„si  Published    1  /6 

The  Electric  Telegraph, 

Its  History  and  Progress.    By  R.  Sabine,  C.E.,  F.S.A.,  &c.   ,       .  3/O 

Handbook  of  Field  Fortification. 

By  Major  W.  W.  Knollys,  F.R.G.S.    With  163  Woodcuts    .       .  3/0 

Liogic, 

Pure  and  Applied.    By  S.  H,  Emmens.    Third  Edition  .       ,       .     1  /S 

liOcke  on  the  Human  Understanding, 

Selections  from.    With  Notes  by  S.  H.  Emmens       .      .      .  .1/6 

The  Compendious  Calculator 

,  {Intuitive  Calculatiotis).  Or  Easy  and  Concise  Methods  of  Performing  the 
various  Arithmetical  Operations  required  in  Commercial  and  Business 
Iransactions  ;  together  with  Useful  Tables,  &c.    By  Daniel  O  Gorman. 

.  Twenty-seventh  Edition,  carefully  revised  by  C.  Norris  .  .  2/6 
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Measures,  Weights,  and  Moneys  of  all  Nations. 

Willi  an  Analysis  of  the  Christian,  Hebrew,  and  Mahometan  Calendars. 
By  W.  S.  B.  WoOLUOUSE,  F.R.A.S.,  F.S.S.    Seventh  Edition        .  2/6 

■Grammar  of  the  English  Tongue, 

Spoken  and  Written.  With  an  Introduction  to  the  Study  of  Comparative 
Philology.    By  Hyde  Clakke,  D.C.L.    Fifth  Edition.    .       .      .  1/6 

Dictionary  of  the  English  Language. 

As  Spoken  and  Written.     Containing  above  100,000  Words.     By  H\  dk 

Clakke,  D.C.L  3/6 

Complete  with  the  Grammar,  5/6. 

Composition  and  Punctuation, 

Familiarly  Explained  for  those  who  have  neglected  the  Study  of  Grammar. 
By  Justin  Bkenan.    i8tii  Edition  1/6 

French  Grammar. 

With  Complete  and  Concise  Rules  on  the  Genders  of  French  Nouns.  By 
G.  L.  Strauss,  Ph.D  1/6 

English-French  Dictionary. 

Comprising  a  large  number  of  Terms  used  in  Engineering,  Mining,  &c. 
By  Alfred  Elwes  2/0 

French  Dictionary. 

In  two   Parts— I.   French-English.    II.    English- French,   complete  in 

One  Vol  3/0 

*,*  Or  with  the  Grammar,  4-/6- 

French  and  English  Phrase  Book. 

Containing  Introductory  Lessons,  with  Translations,  Vocabularies  of  W^ords, 
Collection  of  Phrases,  and  Easy  Familiar  Dialogues  .       .       .  .1/6 

German  Grammar. 

Adapted  for  English  Students,  from  Heyse's  Tlieoretical  and  Practical 
Grammar,  by  Dr.  G.  L.  Strauss  1/6 

German  Triglot  Dictionary. 

By  N.  E.  S.  A.  Hamilton.  Part  I.  Germ.-in-French-English.  Part  II. 
Engli.sh-German-French.    Part  III.  French-German-English    .       .  3/0 

German  Triglot  Dictionary. 

(As  above).    Together  with  German  Grammar,  in  One  Volume        .  5/0 

Italian  Grammar. 

Arranged  in  Twenty  Lessons,  with  Exercises.    By  Alfred  Elwes.    1  /6 

Italian  Triglot  Dictionary, 

Wherein  the  Genders  of  all  the  iL-ilian  and  French  Nouns  are  care^llly 
noted  down.    By  Alfred  Elwes.    Vol.  I.  Ilalian-Lnglish-French.  2/6 

Italian  Triglot  Dictionary. 

By  Alfred  Elv.es.    Vol.  11.  English-French- Italian     .       .      .  2/6 

Italian  Triglot  Dictionary. 

By  Alfred  Elwes.    Vol.  III.  French-Italian-English    .       .      .  2/6 

Italian  Triglot  Dictionary. 

(As  above).    In  One  Vol.     .   7/6 

Spanish  Grammar. 

In  a  Simple  and  Practical  Form.  With  Exercises.  By  Alfred  Elwes  1/6 

Spanish-English  and  English-Spanish  Dictionary. 

Including  a  large  number  of  Technical  Terms  used  in  Mining,  Engineering, 
&c.,  with  the  proper  Accents  and  the  Gender  of  every  Noun.    By  Alfred 

Elwes  4/0 

%*  Or  If  ith  the  GRAMyiAn,  6/0- 
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Portuguese  Orammar, 

In  a  Simple  and  Practical  Form.  With  Exercises.  By  Alfred  Elwes    1 /Q 

Portuguese -English    and    English -Portuguese  Dic- 
tionary. 

Including  a  large  number  of  Technical  Terms  used  in  Mining,  Engineering, 
&c.,  with  the  proper  Accents  and  the  Gender  of  every  Noun.    By  Alfred 

Elwes.    Third  Edition,  revised  5/0 

%*  Or  with  the  Grammar,  7/0- 

Animal  Physics, 

Handbook  of.    By  Dionvsius  Lardner,  D.C.L.    With  520  Illustrations. 

In  One  Vol.  (732  pages),  cloth  boards  T/6 

*»*  Sold  also  in  Two  Parts,  as  /olloivs : — 
Animal  Physics.    By  Dr.  Lardner.    Part  I.,   Chapters  I. — VII.  4/0 
Animal  Physics.    By  Dr.  Lardner.    Part  II.,  Chapters  VIII. — XVIII. 

3/0 
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